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PREFACE. 



THIS Treatife was compoled in Latin^ 
about fixty years ago, by Dr David 
Gregory, then Profeffor of Mathematics 
in the Univerfity of Edinburgh ; where it 
has been conftantly taught, fince that time^ 
immediately after Euclid^s Elements, and 
the Plain Trigonometry, as proper for ex- 
ercifing the Students in the Application of 
Geometry to Pradice. The Bookfeller 
having procured an Englifh Tranflation of 
it, which had been made by an ingenious 
Gentleman when a Student here, this 
Trai^flation has been revifed, and feveral 
Additions have been made to the Treatife 
itfelf, in order to render it more ufeful at 
this time. The Reader will find thefe di-- 
ftinguifhed from the Author's Text. 



Col. M^Laurin, 



College of Edinburgh^ 
May I. 1745. 
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PRACTICAL GEOMETRY. 



HAVING explained the firft fix 
books of Euclid, with the eleventh 
and twelfth, which may ferve for geome- 
trical elements, and having alfo taught the 
Plain Trigonometry, we are now to fubjom 
fome corollaries which are eafily* deduced 
from them, that contain pra^ical rules of 
great ufe in the affairs of life, concerning 
the menfuration of lines, angles, furfaces, 
^nd folids. 

This 
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This Treatife of Pradical Geometry is 
divided into three parts. In the firft, we 
treat of the meni^iration of lines and angles; 
to which we have fubjoined furveying. la 
the fecond, we treat of furfaces j not of fuch 
as are plain only, but of fome curve furfa- 
ces likewife ; as of the furface of the cylin- 
der, cone, and fpherc; and of thofe parts of 
the fphere which we have frequently oc- 
cafion to confider. It is fliewn how to 
exprefs the area of thefe in the fuperficial 
xneafures that are now in ufe amongft us. 
The third part treats of folid figujres and 
their menfuration. After deducing the 
rules for finding the folid content of the 

■ 

parallelopipedon, prifm, pyramid, cylinder, 
cone, &c. from Euclid, we add, from Ar- 
chimedes, the menfuration of the fphere and 
fpheroid, and of their fegments, demon- 
ftrated in an^eafy manner,; from whence a 
method is derived for finding the contents 
of veflels that are either full, or in part 
empty, in the wet as well as the dry mea-» 
fures, that are now in ufe amongft us. 

PART 
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, A Line, or length, to be meafured, whe- 
JljL ther itbe diftance, height, or depths 
is meafured by. a line lefs than it. With us, 
the leaft nleafure of length is an inch: Not 
that w© meafure no line lefs than it, but be- 
caufe we do not ufe the name of any mea- 
fure below that of an inch ; expreffing lefler 
meafures by the fradions of an inch; And 
in this Treatife we ufe decimal fractions as 
the eafieft. Twelve inches make a foot; 
three feet and an inch make the Scots ell ; 
fix ells make a fall; forty falls make a' fur- 
long; eight furlongs make a mile : So that 
the Scots mile is 1 1 84 paces, accounting e« 
very pace.to be five feet. Thefe things are 
according to the ftatutes of Scotland j not- 
withftanding which, the glaziers ufe a foot 
of only eight inches ; and other artifts, for 

the 



ft 



A TREATISE OF 



the mod part, ufe an Engliih foot, on ac- 
count of the feveral fcales marked on the 
Englifli foot-meafure for their ufe. But 
the Englifli foot is fomewhat lefs than the 
Scots; fo that 185 of thefe make 186 of 
thofe. 

Lines, to the extremities, and any inter- 
mediate^ point, of which you have eafy ac- 
cefs, are meafured by applying to them the 
common meafure a number of times. But 
lines, to which you cannot have fuch ac- 
cefs, are meafured by methods taken from 
Geometry; the chief whereof we fhall here 
endeavour to explain. The firft is by the 
help of the geometrical fquare. 

" As for the Englifli meafures, the yard 
** is three feet, or thirty-fix inches. A pole 
•* is fixteen feet and ^ half, or five yards 
^* and a half. The chain commonly called 
^* Gunter*s chain, is four poles, or twenty- 
' t^yo yards, that is, fixty-fix feet. All 
•* Englifli ftatute mile is fourfcore chains, 
'* or 1760 yards, that is, 5280 feet. 

^* The 
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" TKc chain, (which is now much in 
^* life, Becaufe it is very convenient for fut- 
'* veyirig), is divided into a huhdred linkh, 
** each of which is y-r^ of an inch : Whende 

" it is eafy to reduce any nuniber of thofe 

■ ' • . ► • 

" linkii to feet, or any nuftiber of feet to 

" links. 

" A chain that may have the famfi id- 

** vantage^ in fiirveying in Scotland, as 

** Gunt'er's chain has in Ehgliand, ought tb 

** be in length feverity-foUr feet, or twen- 

^* ty-fotir Scdts ells, if no reigard is Had to 

^* the difference of thfe Scots and Englifli 

** foot abovfe mbntiohed.. But, if regard 

** is had to. that differ encfe, the Scots chain 

V ought to confift of 74^ JEnglifti feet, or 

" 74 ftcit 4 irichfes and -f of an inch. This 

'* chain being divided into an hundred 

** link!), each of thofe links is 8 inched ^nd 

" ^ • • oif an inch. In the following tabl^^ 



1000 



" the nioft noted meafures arc cxpreffed 
** in £ngli(h inches^ and decimals of ari 
" inch;'' 

B 
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hub. Dec*^ 

The Englifh foot b • 12 000 

The Paris foot . . ia 788 
The Rhi;QlaB<l foot^ meaft^red by 

Mr Pi?art • r • 12 362 

The Scots foot . • 12 065 
The Amfterdam foot, by Soellius 

9Bd Picart » • • 11 ly^r 

The Dantzick foot,^ by Heveliua % i 297 

The Dani(h foot, by Mr Picarc 1 2 465. 

The Swediih foot, by the fame 1 1 69^ 

The BrqflfeU foot^ by the fame 10 82^ 

The Lyoos foot, by Mr Au^out 13 45^8 

The Bononian foot, by Mr Cafiini 14 93^ 

The M^ar foot, by Mr Auxouj 15 $31 
The Roman palm wfed by mer-^ 

chaQts^ according to the fame 9 7911 
The Roman palm u^fed by archi-*^ 

teas- - . . 8 771^ 
The palm of Naples, according to' 

MrAuzout r • K> 314^ 

The EngJiiH yajifd . . i^ 00® 

The Englifh ell s • • 45 000 

Ttie Scots ell . • • 37 200 

The- 
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Inch 3€c* 

Tlic Paris aune ufcd by mercerS| . 

aecoi'ding to Mr Picart 46 78^ 

The Paris aune ufcd by drapers, 



a<!cord1ng to the fame 


46 


68(» 


The Lyond aune, by Mr Au20ul 46 


S70 


TEe Geneva aune • ^ * 


44 


760 


The Amfterdam ell 


a$ 


Sod 


The DafliOi ell, by Mr Pitart 


24 


930 


The SwedWh ^11 


23 


380 


The Norway ell * ^ 


24 


510 


The Brabant, 0% Antwerp eU 


27 


170 


The Bruflels ell 


37 


260 


The Burges ell 


27 


SS<i 


The braee of Bononla, acaordjag 


f 


> 


to Auzout • . % 


25 


1 

200 


V 

The brace ufed hj ardiite^ in 






Rome 

1 


30 


730 


tbk brace ufftd in Rome by mer- 




1 


chants 


34 


270 


The Florence brace ufed by mer- 






chftAM, according to Pieart 


12 


910 


Th« Fldreii«« geographies brace 


21 


570 


Hie vftra of Seville « . 


33 


The 
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Dee. 


39 


m 


44 


031 


27 


354 


II 


$3^ 



The vara of Madrid . • 
The vara of Portugal • 

The cavedo of Portugal 
The ancient Roman foot 
The Periian arifbi SQcording to 

Mr Greaves . • • 38 364* 

Th? fhorter pike of CpnftantU 

nople, according to the fame 25 57^ 
Another pike of Conftantinople, 

according to Meflfrs Mallet and 

Pe la Porte. • ^. 27 929 



PRO?QSITiai>l L 

Problem L 
To Defcribe the &truBure of the Geometr^^ 

' ■ ■ ■ * 

cal Square. 

TH £ Geometrical Square is made of 
any folid matter^ as brafs or wood^ 
er of any four pUin rulers joined together 

' ' ' ■ ' ' ^1 
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^t right angles/ (as in fig. i.) ; where A i§; 
jthe.centre, from which hangs a thread with 
a fma}! weight at the end, fo as^ to be di- 
rected always to the centre. Each of the 
fides BE aitd ,DE is divided into an hun- 

dred equal parts, or (if the fides be long 

* • *• 

enough to admit of it) into a thoufartd parts; 

C and F are two fights, fixed on the fide 

AD. There is moreover an index GH, 

which, when there is occafion, is joined to 

the centre A, in fuch manner as that it can 

move round, and remain in any given fitu- 

aiion. On this index are two fights per-^ 

pendicular to the right line going from the 

centre of the' inftrument : Thefe arc K 

and L. The fide DE of the inftrument 

is called the upright fide ; £ the reclining 

.'tit. 

fide. . 



A ^ •~- ■• * 



PROP. 
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PROP. n. Fig. 2. 

3c meafure an AcceffihU Height^ AB, by the 
htlp of a Geometrical Square^ its difianct 
being known. 

LET BR be an horizontal plane, oa 
which there (lands perpendicularly 
any line AB : Let BD, the given diftance of 
the obfervator from the height, be 96 feet; 
let the height of the obiervator's eye be fup- 
pofed 6 feet; and let the inftrumenti held by 
a (leady hand, or rather leaning on a fup- 
port, be dired:e4 towards the fummit A^ fa 
that onq eye (the other being ihut) may fee 
it clearly through the fights; the perpendi* 
cular or plum-line mean while hanging free, 
and touching the furface of the inflrument: 
Let now the perpendicular be fuppofed to 
cut off on the right fide KN 80 equal parts. 
It is clear that LKN, ACK, are fimilar tri- 
angles; for the angles LKN, ACK, are 
right angles, and therefore equal : More- 
over, 
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I 

OTer, LN aad AC are parallel, as being both 

perpendicular to the borizcm ; confequent^ 

> 

ly, by.Propr 29. B. i. of Euclid, the angles 
KLN, KAC, are equal ; wherefore, by the 
fecond corollary and of the 32. Prop* B f« 
ef Euclid, the angles LNK and A&C, are 
likewife equal ; So that, in the triangles 
NKL, KAC, (by the 4. Prop, of the 6. B. of 
Euclid) as NK : KL : : KG {i. e. BD) : CA j 
that rs, as So'to 100, lb is 96 feet to CA« 
Therefore, by the rule of three, GA will he 
found to be 120 feet ; aMd CB, which is 6 
feet, being added, the whole height is 126 
feet. 

But, if the diftaoce ef tke obferrator frc^n 
the height, as B£, be fuch, that^ wben thye 
fnftrument i« direAed, as formerly, toward 
the fummit A, the perpendicular falls on 
the angle P, oppofite to H,; thie centre of the 
inftrumefti, and BE m GG be given of f 2a 
feel ;. CA will alfo be sao feet. For, iq the 
triangles HGP, ACG, eqmangutar, aa ^ift 
the preceding cafe, as PG t GH : : GC t CA» 
But FG is equal to^ GH ; therefore GC it 

Ukewifi^ 
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likewise equal to CA : That is, CA will be 
120 feet, and the whole height 126 feet, as 
before. 

Lf t the diftance BF be 300 feet, and th€ 
perpendicular or plum-line cut off 40 equal 
parts from the reclining fide: Now, in this 
cafe, the angles QAC, QZI, are equal, by 
the 29. Prop. I. B. of Euclid. And, hf the 
fame Prop, the angles QZI, ZIS are equal | 
therefore the angle ZIS is equal to the angle 
QAC. But the angles ZSI, QCA are equal, 
being right angles; therefore in the equi-^ 
angular triangles ACQ, SZI,by the 4. Prop* 
of the 6. B* of Euclid, it will be, as 
ZS : SI::CQj^CA} that is, as 100 to 40, fo is 
300 to CA. Wherefore, by the rule of three^ 
CA will be found to be of 120 feet. And, 
by adding the height of the obfervatoi;, the 
whole BA will be 126 feet. Note, That 
the height is greater than the diftance, when 
the perpendicular cuts the right fide, and 
lefs, if it cut the reclined fide ; and that the 
height and diftance are equal, if the per^* 
pendicular fall on the opppfite angle* 

SCHO^ 
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' ^'' $CffOLID-M..fi<i, 3. . • 

If the. height of a tower to be meafured, 
as aboy.e| end in a point, as in Fig. 3, the 
diftance of t,he. obfervator oppofite to it is 
not CD, but is to be accounted from the 
perpendicular to- the point A; that is, to 
CD muft be added the half of the thicknefs 
of the tower, viz* BD : Which muft like- 
wife be linderftood in the following propo- 
iitians, when the cafe is fimilar. ■\ 



p R OP. in. 



•b •< 
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Prob. Fig. 4. 



From the height of a Tower AB gtven^ to 
Jind a diftance on the horizontal plane BC, 
by the Geometrical Square. 



LE.T the inftrument be fp placed, as 
that the mark C in the oppofite plane 
inay be feen through the fights ; and let it 

C be 
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be ebferved bow mainy parte are cut off by 
the perpendicular. Now, by what hath beet| 
already demonftrated, the triangles A£F^ 
ABC are fimilar j therefore, by 4th, 6. EucL 
it will be as £F to A£, fo AB (compofed 
of the height of the tower BG, and of the 
height of the cpt^tre of the inftrument A, 
above the towet BG) to the diftance BC. 
Wherefore, if, by the rule of three, you fay, 
as EF to AE, fo h AB to BC, it will be the 
diftance fought. 



PROP. IV, Fio. s. 

Jp mcafure any difiance at land orj^ Bjf tk$ 
G^metrifal Sjuar^. 

IN this operation, t|^e index is tQ be appK« 
ed to the iaftrument, as was (hown m 
the defcriptiqn ; and, by the help of a fug* 
port, the inftrument is to be placed horizoi^r 
tally at the point A ; then let it be turned 
till the remote point F, whofe diftance is to 

'be 
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be meafuredi be feen through the fixed 
fights ; add bring the indent to be parallel 
With the other Ode of tlie inftriiment ; ob« 
ferve by the fights upon it any accefUble 

■ • « » 

mark B^ at a fenfible diftance ; Then car- 
rying the inflrumenc to the point B^ let the 
immoveable fights be direded to the firft 
flation A, and the fights of the index to the 
point F. If the index cut the right fide tif 
the fquare, as in K, iti the two triangles 
BRK^ and BAF, which are equiangular, k 
tvill be (by 4th, 6. Eucl.) as BR tb RKL, fo 
BA (the diftance of the flations to be mea* 
fared with a chain) to AF; and the diftance 
AF fought ifrill be found by the rule of 
three. But, if the indet cut the reclined . 
fide of the fquare in any point L, where 
the diftance of a. mori^ ren^otv point is 
fought ; in the triangles BLS, BAG, the 
fide iS (hall be to SB^ as BA to AG, the 
diftance fotight; which accordingly will be 
found by the ruk of threes 

N 

\ 



I 
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PROP. V. 



pROB. Fig, 6. 



To meafure an Accejffibk Height by means of 
a plain Mirror. 

LE T AB be the height to be meafu- 
red ; let the mirror be placed at C, ia 
the horizontal plane BD, at a known di- 
fiance BC ; let the ob&rver go back to D, 
till he fee the image of the fummit in the 
mirror, at a certain point of it, which he 
muft diligently mark ; and let D£ be the 
height of the . obfcrvator's eye* The tri- 
angles ABC ani| ■ EDC are equiangular ; 
for the angles at D and B are right angles ;, 
and ACB, £CD are equal, being the angles 
of incidence- add xeflcdion of the ray AC, 
as is demonftrated in optics; wherefore the 
remaining angles at A and £ are alio equal: 
Therefore, by 4th, 6. Eucl. it will be, as 
CD to DE, fo CB to BA j that this, as the 

diftance 
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diftance of the obfervator from the point 
of the mirror in the right line betwixt the 
obfervator and the height} is to the height 
of the obfervator's eye, fo is the diftance of 
the tower from that point of the mirror, 
to the height of/ the tower fought j which 
therefore will be found by the rule of 
three* 

Note I. The obfervator will be nu>re 
exaft, if, at the point D, a ftaff be placed 
in the ground perpendicularly, over the top 
of which the obfervator may fee a point of 
the glafs exadly in a line betwixt him and 
the tower. 

Note 2. In place of a mirror, may he 
ufed the furface of water contained in a 
veffel, which naturally becomes parallel to 
the horizon. 
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f R O P. VL Fig. 7. 
To meafure an AcceffibU Height AB by meatii 

, 9ft'W0ji<ft, 

\/ lr E T there be placed perpendicularly 
jLjl in the ground a longer flaff DE^ like* . 

Wife a fhorter one FG^ fo as the obfervatot . 

« 

may fee A, the top of the height to be mea- 
fured^ over the ends D, F, of the two ftaffs 9 
let FH and DC, parallel to the horizon^ 
moet DE and AB in H and C ; then thd 
triangles FHD, DCA, fhall be equiangular; 
for the angles at C and H are right ones 2 
Likewife the angle A is equal to the angle 
FDH, by 29th, I. Eucl. ; wherefore the 
remaining angles DFH^ and At)C, are alfo 
equal : Wherefore, by 4th, 6. Eucl. as FH, 
the diftance of the ftaffs, to HD, the excels 
of the longer ftaff above the fhorter ; fo ii 
DC, the diftance of the longer ftaff from 
the tower, to CA, the excefs of the height 

■ oft 

I V 
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•f the towtr %hovt the longer ftaC And 
thence Qh will be found by the juh of 
three. 

To which, if the length DE be added, 
you will have the whdle height of the tow^ 
pr BA. Q^E, F, ^ 

SCHOLIUM, Fig. 8. 

- 9 

\ 
I 

Many other methods may be occafionally 
contrived for meafuriog an acceffible height, 
FoNexample, from the giveii length of the 
{hadow BD, I find oi|t the he^t AB, thus : . 
Let there be ereded « ftaff C£ peipoodicu- 
larly, (Hroducing the ikadow £F : Tlie tH- 
angles ABD, CEF, are e^unmgular; for 
the angles at B» «tid E, are right ; and the 
angles ABB, and CFE, are equal, each be* 
sng equal to the angles of the fun*8 eleva* 
tion above the horizon : Therefore, by 4th, 
6. Eud. ^ £F, the ihadow of the ftafl^ to 
EC the ftaff it&lf, to BD, the (hadow of 
the tower, to BA, the hdght of the tower, 
f hough the plane on which the ihadow of 

the 
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the towa* 6118 be'<i«i:pamiM «49^lKe Jiori-. 
zon, if the'0!3ff bfe tvc&i^ to t|LiQia9ie plane^ 
the rule will be the fame. 



PROP. VII. 

* * 

7*0 tneafure an tnaccejffibh Height bjh means of 
tnvojlaffs. 

m 

HITHERTO we have fuppofed the height 
to he acceffibie^. or thf^t we can come 
at the lower end o£kjt now> if, becaufe of 
feme impedim6at|.we canqot g^ t t;o a tpwer^ 
or if the point who& height ib %o hp found 
out he the fotnmit oiFa biUy fo.that thepcfr 
jyendkular be hid.wi|hin.th?.hill ; if, I fay, 
^ want of becter safl:rumbaC8,.iiic1}.an in^ 
accefiElble height i^ to.be mea&rcd hywcsktM 
of t.wo fUffei^let the firft obfiei^vatiofi be madei 
With the ftaffi DE and FG, as in Pf op.. V L i 
then *the obfervajtor is to go off in ^ direfk 
line from the height and firflLftatlo0,jill he 
conste to the fecond ftation ; where he is to 

place 
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ftlacc the loBg^r ftaff perpeadicularly at RN, 
and tl^? ihof ter ftaff at KO^ fo that the finn- 
mit A may he feco along- their tops ; that is, 
fo that the points K, N, A may be in the fame 
tight line. Through the point N let there 
he drawa the right Ha« NP parallel to FA : 
Wherefore, ia the triaagle^ KNP, KAF, the 
angles ]^NF, Ig^AF ^re ecjqal by the 29. i. 
Kucl. alfo the angle AKF is common to both ; 
coBfequently the rernainjlng angle KPN is e- 
:qiial to the repiaining angle KFA. And there- 
fore, by 4th, 6. pucl. PN : FA : : KP : I^F. 
gut the triangles PNL, FAS are fimilar ; 
therefor*, by y(|.th, 6i* EucI, PN : FA : : 
NL : SA» Therefore, by the i uh, 5, Eud. 
KP : |CF :c NL : SA. Theri(je, alternately, 
It will be^ as KP (the excefs of the greater 
diftancc pf the fliort ftafffronj the lopg one 
above its lefler diftance from it) to NL, the 
excefs of the longer ftaff above the fhqrter; 
fo KF, the diftance of the two ftations of 
♦he fhorter ftaff, to SA, the excefs of the 
jheight fought above the height of the flior- 
tcr ftaff. Wherefore SA will be found by 

P the 
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the rule of three. To which let the height 
of the fhorter ftaff be added, and the fun* 
will give the whole inacceilible height BA. 
Q,E. F. 

Note I. In the fanu; manner may an in- 
acceffible height be found by a geometrical 
fquare, or by a plain fpeculum. But we 
fhall leave the rules to be found out by the 
ftudent, for his -own exercife. 
. Notes. That by the height of the fta^ 
we underftand its height abpve the ground 
in which it is fixed. 

Note 3. Hence depends the method of 
ufing other inftruments invented by geo- 
metricians ; for example, of the gebmetri- 
cal crofs: And, if all things be juftly weigh- 
ed, a like rule will ferve for it as here. But 
we inclipe to touch only upon what is moft ' 
material. 
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PROP. VIII. Fio. 9. 

« 

To meqfure the di/Iance AB, to one ofwhojk 
extremities ive have accejs^ by the help of 
fourjiaffs.^ 

I £ T there be a ftaff fixed at the point 
JLJ A ; then going back at fome fenfible 
diftance in the fame right line, let atfother 
be fixed in C, fo as that both the points A 
and B be covered and hid by the ftaff C > 
likewife going off in a perpendicular froni 
the right line CB, at the point A^ (the me(- 
thod of doing which fhall be mown in the 
ioWo'^uig fcholium\ let there be placed ano- 
ther ftaff at H J and in the right line CKG, 
(perpendicular to the fame CB, at the poini 
B), and at the point of it K, fueh that the' 
points K, H, and B, may be in the famef 
right line, let there be fixed a fourth ftaffi 
Let there be drawn, or let there be fuppofed 
to be drawn, a right line HG parallel to CA, 
The triangles KGH, HAB, will be equi^ 

angular j 
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» 

angular ; for the angles HAB, KGH are 
right angles. Alfo, hj i^tb^ i. Euel. the 
angles ABH, RHG are equal;, wherefore, 
V f^* 4*. ^. Etfcl. as KC (the excds 6f 
€K {A(5ve AH)-tdiOH, at ic CA, the di- 

llance betwixt the 5rft and fecbnd ftaif; fo- 
is AB, the diftance betwixt the firft and 
third ftair, to AB^ the diftahte fought. 



SCBOLIUM. Fig. io. 

To draw on a plane a right line AE peN 
pendicular to CH,, from a given point A j 
take the right lines AB, ADj on each fide 
equal ; and in the points B and D, let there 
be fixed ftafces, to which let th«e be tied 
two equal ropes BE, I>E, or one having a 
mark in the middle, and holding in your^ 
hand their extremttieis joined, (or the mark 
in tlie iDiddle, if it be biit one), draw oat 
the ropes on the ground; and then^ where 
the two ropes meet, or at the mark, wheti 
by it the rope is fully ftretched, bt there be 
• ■ ' placed 
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lulftbed ^ tMnlibkt m E $ tbe light Ike AH 
t»IM be ^rpeftdteultt- to CH m elm pom A, 
hf ^^h, t. £ad. In a ttttcBmarxieC m^I^ 
1^ likii^ diii^ iMiy {irobietns, tlist -are a-eiblved 
^ >fht; U{vtaiit ^md «&ffipflffies, ^be idone bjr 
¥oj^ 'stiMl^ii cord t«W0d teoad as m>radutt>. 

^H^P. IK. Ei^tu 

jTb mciffure the difiance AB, wc gf nx)hoJk 
txtremitusr is acceffihU. 

FROM tbe point A, 1^ tfefe right Kne 
AC, t)f a fcno wh Ictigth^^ be made pcr- 
pendicqlatr to AB^ (by tlie ^teccdmjg fcbo^ 
liuttk)\ Lifcdwifedraw the right liwe CD 
perpendicular tso CB, meeting the right iiiae 
AB in D : Then, by *e 8rh, 6. EugI. as 
DA : AC : : AC > AB. Wherefore, when 
"JiA and AC arc ^iven, AB will be founil 
\>y the rirfe 6f three. Q^E. F. 

SCHOLIUM. 

All the preceding operations depend on 
tbe equi^Kty of iomte ^m^Iw «f -cnft^lei^, 

and 
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iind onthe fimilarity of the triangles arifing 
frdm that iequaKty.. And on the fame.prin- 
<^p)e»'tdip^;uuiiin^able other pperatk)n». 
Which a 'geometrician Will find out, of him- 
fc(fvas^^i»,yery bbyioa?. JEJpweJrei f<3*e of 
rthefe operations reqnire fuch CJcaidlnefs in 
the; work) and without it arcc fo Jiable to er-' **^ 
rors, that, ccuteris patibus^ tlje j^b^oyrii^ o- 
peralions, which are performed by a tr ^t- 
nometrical calculation, are to be preferred ; 
yet could we not omit thofe above, being 
mbft eafy in pradicej and mod c^ear and e-^ 
videat to thofe w.ho have only the firft tie* 
-inyents of geometry* But, if you are provi- 
ded with inftruments, the following opera- 
_, tb^fisvarft more to be relied upon. We do not 
^ iniift' on,th€. eafie^-qafes to thofe who are 
(killed in plain trigonometry, which is ia-* 
♦deed neceflary to any one who would apply 
himfelf to pradice. It would J^e eafy to the 
yeader to find examples ; and we have iJhio w*n, 
in plain trigonometry^ how to find the angle 
*or fide of any plain triangle that ia required, 
*fram the angles jpr fides that niay be given. 
^ • PROP. 
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PROP. X. Fig. 12. 

To dtfcribe the ConfiruSlion and Ufe of thf 
Qeotnetricdl ^adrant, 

TH E Geometrical Quadrant is the 
fourth part of a circle divided intp 
ninety degrees, to which two fights are a- 

dapted, with a perpendicular or plumb line 

« 

hanging from the centre. The general ufe 
qf it is for inveftigating angles in a vertical 
plane, comprehended under right lines go- 
ing from the centre of the inftrument, one 
of which is horizontal, and the other is di<- 
reded to fome vifible point. This inftru* 
ment is made of any folid matter^ as wood, 
copper, &q. 



PROP- 






I 
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PROP. XL Fig. 13. 

To defcribe the Make and Ufe of the Gra^ 
pbometer. 

nPHE Graphometer is a fcmicircle made 
•*• of s^ny h^rd matter, of wood, for cx- 
amplci orbrafe, divided imo i8q 4egrfes; 
(b fixed oa ^fidcrtm^ hy meaas qf a br^ft 
ball and fockec, th*t it eafily ii»rns about, 
»n4 maias poy fitvatioa \ two fights ?urc 
jB^ed oji its diameter. At the centre there 
is commonly a magnetic^ needle in a box. 
There i? likewife 4 moveable ruler, which 
turns round the centre, and retains any fi- 
tuatioa giyen 10 «• The ufe of it is to ob* 
fer'^e any angle, nrhpfe verfex is at the 
centre of the inftniment in any plane^ 
(though it is mod commonly horizontal, 
or nearly fo), and to find how many, der 
grees it contains. 

PROP. 
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PROP. XII. 



Fig. 14. and 15. , 

t 

j!q defcrtbe the manner in 'which Angles are 
meafured by a ^adratit or Graphometer^ 

LET there be an angle in a vertical 
plane, comprehended between a line 
parallel to the horizon HK, and the right 
line RA, goming from any remarkable point 
of a tower or Jiill, or from the fun, moon, 
or ^ ftar. Suppofe that this angle RAH is 
to be meafured by the quadrant : Let the 
inilrument be plaqed in the vertical plane, fo 
as that the centre A may be in the angular 
point : And let the fights be direded towards 
the objed at R, (by the help of the ray 
coming from it, if it be the fun or moon, 

or by the help of the vifiial ray, if it is any 

< 

thing elfe), the degrees and minutes' in the 

E arch 
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ardh BC, cut off by the perpendicular, will 
xneafure the angle RAH ' required. For, 
from the make t>f the quadi^ant, BAD is. a 
right angle; therefore BAR is likewife right, 
being equal to it. Bat, becaufe HK is jiio- 
rizontal, and AC perpendicular, HAC will 
be a light angle ; and therefore equal alfo 
to BAR. From thofe angles fubira(3: the 
part HAB that is common to both ; and 
there will remain the angle BAG equal to 
the angle RAH, But the arch BC is the 
meafure of the angle BAG; confequently if 
is likewife the meafure of the angle RAH. 

Note,That the remaining arch on the qua- 
drant D(] is the meafure of the angle RAZ^ 
comprehended between the forefaid right 
line RA and AZ, which points to the zenith. 

Let it now be required to meafure the 
angle ACB (Fig, 15.) in any plane, compre- 
hended between the right lines AC and BC, 
drawn from tv;o points A and B, to the 
place of ftation C. Let the graphorheter be 
placed at C; fupported by \is fulcrum « as was 
fhown above) ; and let the immoveable 

fights 
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fights on the fide of the inftrument DE be 
direded towards the point A } and likewife 
(while the inftrument remains immoveable) 
let the fights of the ruler- FG (which is 
moveable about the center C) be directed 
to the point B. It is evident that the move- 
able ruler cuts off an arch DH, which is the 
meafure of the angle ACB fought/ More- 
over, by the fame method, the inclination 
of CE, or of FG, may be obferved with the 
meridian line, which is pointed out by the 
magnetic needle inclofed in the bolx, and is 
moveable about the center of the inftrument, 

« 

and the meafure of this inclination or angle 
found in degrees* 



PROP. XIII. Fio. 16. 

To meafure an Accejftble Height by the Geo-^ 
metrical Sluadrant. 

BY the 1 2th Prop, of this part, let the 
angle C be found by means of the 
quadrant. Then in the triangle ABQ right- 
angled 



r 
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angled at B, (BG being fuppofed the hori* 
zontal diftance of the obfervator from the 
tower), having the angle at C, and the fide 
BC, the required height BA will be found 
by the 3d cafe of plain trigonometry- 



PROP. XIV. Fig. 17. 

To meafure an InacceJftbU Height by the Geo^ 
metrical S^uadrant. 

LE T the angle ACB be obferved with 
the quadrant (by the 1 2th Prop, of 
this part;) then let the obferver go from G 
to the fecond ftation D, in the right line BCD, 
(providing BCD be a horizontal plane;) 
and, after meafuring this diftance CD, take 
the angle ADC likewife with the quadrant. 
Then, in the triangle ACD, there is given 
the angle ADC, with the angle ACD; be- 
caufe ACB was given before: Therefore 
(by 32. I. Eucl.) the remaining angle CAD 
is given likewife. But the fide CD is like- 
• wife 
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tvife given, being the diftance of the ftation 
C and Dj therefore (by the firft cafe of 
oblique singled triangles in Trigonometry) 
the fide AC will be found. Wherefore^ in 
the right-angled triangle ABC, all the angles 
and the hypotheneufe AC are given j con- 
fequently, by the 4th cafe of Trigonome- 
try, the height fought AB will be found ; 
as alfo (if you pleafe) the diftance of the 
ftation G from AB, the perpendicular with- 
in the hill or inacceffible height. 



PROP. XV. Fig. ^8. 

From the top of a given height^ to meqfurc 
the diftance BC. 

LET the angle BAG be obferved by the 
1 2th of this part ; wherefore, in the 
triangle ABC, right-angled at B, there is 
given, by obfervaiipn, the angle at A ; 
whence (by the 32d, i. Eucl.) there will 
alfo be given the angle BGA. Moreover, 

the 
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the fide AB (being the height of the tower) 
^s fuppofed to be given. Wherefore, by the 
3d cafe of Trigonometry, BC, the diftance 
fought, will be found. 



PROP. XVI. Pig. 19. 

To tneafure the diftance of two places A and 
B, of which one is accejjfible^ hj the Gra^^ 
phometer^ 

LET there be crefted at two points A 
and C, fufficiently diftant, two vifible 
figns ; then (by the 1 2th of this) let the 
two angles BAG, BCA, be taken by the 
Graphometer. Let the diftance of the fta- 
tions A and C be meafured with a chain. 
Then the third angle B being known, and 
the fide AC being likewife known j th'cre- 
fore, by the firft cafe of Trigonometry, the 
diftance required, AB, will be found. 

PROP. 
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PROP. XVIi: Fig. 20: 

To meqfure by the Graphometefj the dijiance 
of tivo places y neither ofivhichis accejible. 

% 

LE T two ftatiofls, C aad P, be chofen, 
from each of which the places may 
be feen whofe diftance is fought : Let the 
angles ACD, ACB, BCD, and likewife the 
angles BDC, BDA, CD A, be meafured by 
the Graphometer ; let the diftance of the 
flations C and D be meafured by a chaia^ 
or (if it be neceffary) by the preceding 
practice. Now, in the triangle ACD, there 
arc given. two angles ACD and ADCj there- 
fore the third, CAD, is likewife given. More- 
over, the fide CD is given ; therefore, by 
the firft cafe of Trigonometry, the fide AD 
will be found. After the fame manner, 
in the triangle BCD, from all the angles 
and one fide CD given, the fide BD is found. 
Wherefore, in the triangle ADB, from the 
giv^n fides DA s^nd DB, and the angle ADB 

contained 
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contained by them, the fide AB (the diftanee 
fought) is found by the fourth cafe of Tri- 
gonometry of oblique* angled triangles. 

Let it be noted, that it is not neceflfary 
that the points A, B, C, and D, be in one 
plane ; and that any triangle is in one planCi 
by 2d Prop, nth of £ucK 



PROP. XVIIL FiG^2K 



// is required by the Graphometer and ^a-* 
drant^ to meqfure an Accejfible Height AB, 
placed fo on a fieep^ that one can neither 
go near it^ in an horizontal plane y nor re^ 
cede from it^ as ivefuppoje in th^folution 
of the 14/A Prop, 

LE T there be chofen any fituation, as 
C, and another, D j where let fome 
mark be erected :. Let the angles ACD and 
ADC be found by the Graphometer ; then 
the third angle DAG will be known. Let 
the fide CD, the diftanee of (he ftations, be 

meafured 
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iheafut'ed with a chain, and thence (by TrU 
gon*) the fidie AG will be found. Again^ 
in the triabgle ACB, right-angled at B, 
having found by the Quadrant the angle 
ACB, the other angle GAB is known like- 
wife: But the fide AG in the triangle ADC 
IS already known ; therefore the height re^ 
quired, AB, will be found by the 4th cafe- 
of right-angled triangles. If the height of 
the tower is wanted, the angle BCF will be 

■ 

found by the Quadrant ; which being taken 
from the angle ACB, already known, th6 
angle ACF will remain : But the angle 
FAC was known before ; therefoire the re- 
maining angle AFC will be known. But 
the fide AC was alfo known before j there- 
fore, in the triangle AF^G, all the angles^ 
and oric of the fides, AC, beihg known, AF^ 
the height of the tower above the hiU, vvill 
be found by Trigoribmetry. ^ 
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SCHOLIUM. 

it were eafy to add many othei methods 
of HieafuriDg heigljits and diftances ; bur, if 
what is above be underftood, it will be eafy 
(efpecially for one that is verfed in the ele- 
ments) to contrive methods for this purpofe, 
according to the occafion : So that there is 
no nedd of adding any more of this fort« 
We fhall fubjoin here a method by which 
ihe diameter of the earth may be found out* 



P^Of. XIX. Fig. aa. 

Tojind the Diameter of the Earth from one 
obfervation. 



T E T there be chofen a high hill AB, 
-■-^ near the fea-fhore, and let the obfer- 
vator on the top of it, with an exad Qua- 
drant, divided into minutes and feconds by 
tranfvetfe divifions, an^ fitted with a tele- 

fcope. 
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fcope, in place of the common fights, mjCa- 
fure the angle ABE contained under the 
right line AB, which goes to the centre, 
and the right line BE, draw'n to the fca, a 
tangent to the globe at E ; let there be 
drawn from A, perpendicular to BD, the 
line AF meeting BE in F. Now, in the 
right-angled triangle, BAF, all the angles 
are given, alfo the fide'AB, the height of 
the hill ; which is to be found by fome of 
the foregoing methods, a« ejca^ly as pof« 
fible ; and, by Trigonometry, the fides BF 
and AF\ are found. But, by Corol. 36. 
3, Eucl. AF is .equal to FE j therefore BE 
will be known. Moreover, by 36th, 3. Eucl. 
the. redangle under BA and BD is equal 
to the fquare of BE. And thence, by 1 7th, 
6..Eucl. as AB : BE : : BE : BD, There- 
fore, fince AB and BE are already given, 
BD will be found by i ith, 6. Eucl. or by 
the rule of three; and, fubftrading BA, 
there will remain AD, the diameter of the 
earth fought. 



» 
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» • ^ • _ 

Maciy other methods might be prppofed 
for meafiirlng the diameter of the earth* 
The moft exa^, in my op'mioo, is that 
propofed by Mr Picart^ of the Academy of 
Sciences at Paris. But, fince it does not 
belong to this plaqe, we r? fer you to the 
Philofophical Tranfadlions, wh^re you will 
find it defcribed. 

** According (o Mr Picart^ a degree of 
the meridian at the latitude of 49"" ^l\ 
was ^y ^060 French Toi/esy each of which 
" contains fix feet of the fame .meafure; 
" from which it follows, that, if the eafth 
** be an exa£t fphere, the circumference o^ 
" a great circle of it will be 123,249,600 
" Paris feet, and the femidiameter of the 
** earth, 19,615,800 feet* But the Frenck 
^* Mathematicians, who of l^te have exa- 
** mined Mr Picart^S operations, aflure us, 

i 

" That the degree in that latitude is 57,183 
** Toifes. Tbey meafured a degree in Lap'- 
*' landy in the latitude of 156' 20', and found 

"it 
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f* it of 57^438 Totjis. By comparing ihefe 
i^ degre^a, a^t well as by the obferyations oq 

V pendulums, apd the theory of gravity, it 
r' appcara that the earth h an pblate fphe* 
" roid } and (fuppofing thofe degrees tp be 
f^ accurately meafured) the axis or dimmer 
f* ter that paffes thrpugb the poles will be 
?* to the diameter of the equator as 1 77 to 
." 1 78^ or the earth will be 22 miles highcc ^ 
f^ at the equator ih^n at the poles. A de-* 
** gt^^? has likewifj? been meafured at the 
f* equator, and found tp be confiderably 
f* lefs than at, the latitude of Paris ; which 
f' confirms the oblate figure of the earth. 
*' But an account of this lail mepfuration 
<" has not been publiihed as yet. If the 
?* earth was of an uniform denfity from the 

V furfacc to the centre, then, according 10 
the theory of gravity, the meridian would 
be an exad ellipfis, and the axis would 

** be to the diameter of the equator as 230 
^* to 231 ; and the difference of the femidi- 
** ameter of the equator and femiaxis about 
J* 1 7 miles.'* 

I^ 
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In' what follows, a figure is often to be 
laid down on papeiii like to another figure 
given ; and becaufe this likenefs confifts in 
the equality of their angles, and in the fides 
having the fame proportion to each other, 
{by the definitions of the 6th of EucK) we 
are now to (hew what methods pradical 
Geometricians ufe for making on paper an 
angle equal to a given angle, and hoyir they 
conftitute the fides in the fame proportion. 
For this purpofe they make ufe of a Pro- 
tractor, (or, when it is wanting, a Line of 
diords), and of a Line of equal parts. 

PROP, XX, 

Fj G. 23. 24. 25. 26, and 27. 

To defcribe the ConJiruBion and Ufe of the 
^rotraSlor^ of the Line of Chords^ and of 
the Line of Equal Parts. 

\ 

V 

THE Protrador is a finall femicircle of 
brafs, or fuchfoUd matter. .The fe- 
micircumference is divided into i 8q degrees. 

The 
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The ufc of it is> to draw angles on any 
plan^y as on paper, or to examine the ex- 
tent of angles^ already laid downi, For this 
}aft purpofe, let the fmall point in the centre 
of the protradlor be placed above the angu- 
lar point, and let the fide AB coincide with 
one of the fides that contain the angle pro- 
pofed; the number of degrees cut off by the 
other fide, computing on the Protrador 
from B, will fhow the .quantity of the angle 

that is to bis meafured. 

•» 

But) if an angle is. to be made of a given 
quantity on a given line, and at a given 
point of that line, let AB coincide with the 
given line, and let the centre A of the in- 
ftrument be applied to that point. Theti 
let there be a mark made at the given num- 
ber of degrees ; and a right line drawn from 
that mark to the giVen point, will confticute 
an angle with the given right line, of the 
quantity required ; as is manifeft. 

This is the riioft natural and eafy me- 
thod, either for examining the extent of an 

angle 
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angle on paper, or fordefcribing on papef 
an angle of a given quaatity. 

But, when there is fcarcity of inftru* 
ments, or becaufe a line of chords is more 
eafily carried about> (being defcribed on a 
ruler on which there are many other line3 
befides), pr^dical Geometricians frequent* 
ly make ufe of it. It is n^ade thus : Let the 
quadrant of a circle be divided into 90 de^ 
grees, (as in Fig. 2^.) The line AB is the 
chord of 90 degrees j the chord of every 
9rch of the quadrant is trans&rred to this 
Une AB, which is always marked with the 
number of degrees in the correfponding 
arch. 

Note, That the chord of 60 degrees is e^ 
qual to the radius, by Corol. 15th ^^ Eucl. 
If now a given angle £DF is to be meafured 
by the line of chords, from the tentre D| 
with the diftance DG^ (the chord of 60 de- 
grees), defcribe the arch GF j and let the 
points G and F be marked where this arch 
interfeds the fides of the angie. Then^ if 
the diftance GF, applied on the line of 

chords 
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chords from A to B, gives (for tkzthplo) 
^S degrees, thii fhall be the meafuf^ of tlifc 
angle propofed. 

When an bbtufe angle is to be meafured 
turith this line, let its cotopkmeilt to a fe- 
iii!cirel6 be ftieafured, and thence it will be 
known. It were eafy to transfer to the di- 
ameter of i, cirde the,chords of all arches^ 
to the extent of a femidrde; but fach are 
rarely found marked upon rules. 

But now, if an angle of a given quanti- 
ty, fuppofe of 50 degrees, is to be made at 
a given point M of the right line KL (Fig. 
«6.) from the centre M, .and the diftance 
MN, equal to the chord of 60 degrees, de- 
fcribe the arch QN. Take off an arch NR, 
whofe chord is equal to that of 50 degrees 
on the line of chords ; join the points M 
and R ; and it is plain that MR fhall con- 
tain an angle of 50 degrees with the line 
KL prbpofed. 

But fometimes we cannot produce the 
fides, till they be of the length of a chord 
of 60 4^gree8 on our fcale ; in which cafe 

G . it 
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it is fit to work by a circle of proportions, 
(that is a Sedor), by which an arch may 
be made of a given number of degrees to 

any radius. 

The quantities of angles are likewife de- 
termined by other lines ufually marked 
upon rules, as the lines of fines, tangents, 
and fecants ; but, as thefe methods are not 
fo eafy or fo proper in this place, we omit 
them. 

To delineate figures fimilar or like to 
others given, befides the equality of the 
angles, the fame proportion is to be prefer- 
ved among the fides of the figure that h to 
be delineated, as is among the fides of the 
figures given. For which purpofe, on the 
rules ufed by artifts, there is a line divided 
into equal parts, more or lefs in number, 
and greater or lefler in quantity, according 
to the pleafure of the maker. 

A foot is divided into inches: and an 
inch, by means of tranfverfe lines, into loo 
equal parts ; fo that, with this fcale, any 
number of inches, below twelve, with any 

part 
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part of an inch, can be taken by the com** 

paffes, providing fuch part be greater than 

the one hundredth part of an inch. And 

, this exadnefs is very neceflary in delinea- 

, tiirg the plans of houfes, and in other cafes. 



PROP. XXL Fig. 28. 

I 

jTo lay donvn on paper ^ by the ProtraSior or 
line of chords^ and Vine of equal parts ^ a 
right 'lined figure like to one gi'ven^ pro-^ 
yiding the- angles and fides of the figure 
given he knoivn by obfervation or menfu'- 
ration. 

FOR example, fuppofe that it is known 
that, in a quadrangular figure, one 
fide is of 235 feet, that the angle contained 

« 

by it and the fecond fide is of 84'', the fe- 
cond fide of 288 feet, the angle contained 
by it and the third fide of 72% and that 
the third fide is 294 feet. Thefe things 
being given, a figure is to be drawn on 

paper 



4 
I 
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paper like to this quadrangular figure. On 
your paper, at a proper point A, let a right 
line be •drawn, upon which take 235 equal 
parts, as AB. The part.reprefenting a foot 
is taken greater or lefler, according as you 
would have your figure greater or lefs, la 
the adjoining figure, the looth part of an; 
inch is taken for a foot. And, accordingly, 
an inch divided into too parts^, and annexed 
to the figure, is called a fcale of i 00 feet. 
Let there be made at the point B (by t^e 
preceding Prop.) an angle ABC of 85% 
and let BC be- taken of 288 parts like to the 
former. Then let th^ angle BCD be made 
of 72"*, and the fide CD of 294 equal parts. 
Then let the fide AD be dfawn; and it will 
complete the figure like to the figure giveiu 
The rneafiires of the angle A and D can be 
known by the proti'adior or line of chords, 
. and the fide AD by the line of equal parts; 
,which will exactly anfwer to the correfpon- 
ding angles, and to the fide of the primary 
fig^ure.. 

After 
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After the very fame manner, from the 
iide^ jaad angles given, which bound any 
right-lined figure, a figure like to it may 
be drawn, and the reft of its fides ismd 
,ngk« be known. 

COROLLARY. 

Hence any trigonometrical problem in 
right-lined triangles, may be refolved by 
delineating the triangle from what is given 
.concerning it, as in this propofition. The 
unknown fides are examined by a line of 
equal parts, and, the angles by a protractor 
or line of chords. 



PROP, XXII. Prob. 



I' 



The diameter of a circle being gi^en^ to find 
its cir4:umference nearly, 

T^E periphery of any polygon I'afcri- 
-bed in the circle is lefs than the cir- 
camference^ and the periphery of any po- 

lygoa 
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lygon defcribed about a circle is greater than 
the circumference. When Archimedes firft 
difcovered that the diameter was in proper- 
tion to the circumference, as 7 to 22 nearly, 
which ferves for common ufe. But the 
moderns have computed the proportion of 
the diameter to the circumference to great- 
er exadlnefs. Suppofing the diameter 100, 
the periphery will be more than 314, but 
lefs than 315 *. But Ludolphus Van Cue- 
len exceeded the labours of all ; forj by irp- 
menfe ftudy, he found, that, fuppofing the 
diameter 

ioo,ooo,ooo,ooo;ooo,ooo,ooo,ooo,6oo,OQp,ooo, 

the periphery will be lefs than 
314,159,265,358,979,323,846,264,338,327,951, 
but greater than 
^ 3i4>i59>265,3^-8,979,323,846,264,338,327,95o; ' 
whenc^e it will be eafy, any part of the cir- 
cumference being given in degrees and mi- 
nutes, to afljgn it in parts of the diameter^ 



Of 



• The diameter is more nearly to the circumference, 
as ,113 to 3554 
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Of Surveying and Meafuring of Land. 



> 

HITHERTO we have treated of the mea- 
furing of angles and fides, whence 
it is abundantly eafy to lay down a field, a 
plane, or an entire country: For to this 
^othing is requifite but the prptradion of 
triangles, and of other plain figures, after 
having meafiired their fides and angles. 
But, as this is efteemed an important part 
of Pradlical Geometry, we fhall fubjoin here 
an account of it, with all poffible brevity; 
fuggefting withal, that a furveyor will im-- 
prove himfelf more by one day's practice, 
than by a great deal of reading. 



PROP. 



I 

/ 
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PROP. XXIII. Prob. 

To Explain nvhat Surveying is^ and nvhat 
In/iruments Surveyors ufe. 

FIRST, it is neceffary that the furtcyor 
view the field that is to be meafured, 
and inveftigate its fides and angles, by- 
means df an iron chain, (having a parti -^ 
cular mark at each foot of length, or ^t any 
number of feet, as may be moft convenient 
for reducing lines or furfaccs to the received 
meafures*), and the Graphometerdefcribed 
above. Secondly^ It is neceflary to delineate 
the field in plano^ or to form a map of it; 
that is, to lay down, on paper, a figure fimi- 
lar to the field; which is, done by the Pro- 
traftor^ (or line of chords), and of the line 
of.equal parts. Thirdly ^ It is neceflary to 
find out the area of the field fo furveyed and 

reprefented 

* See above, pag. 8. the account of Gunter's chain, 
and of the chain that is moft convenient for meafuring 
]iand in Scotland. 



I. 



reprefented by a map. Of this laft we are 
to treat below in the fecond part. 

The fides s,vA angles of fmafi fields are 
furveyed by the help of a plain table; which- 
is generally of an oblong re^angular figure, 
and fupported by a fulcrum^ fo as to turn 
^very way, by means of a bait atkd feckeh 
It IS a moveable fratne, which fiirronnds^ the 
board, and ferves to keep a ckaii paper put 
on the board clofe aiid tight to. it. The 
fides of the frame facing the paper arc di- 
tided into e(|ual parts every way. The 
board hach befides a box with a magia^tic 
neddle, atui moreotera large ixkdex with 
two fights. On the edge of the fratnft of 
the bdai^ are mai^ked degrees^ and minotesi 
fo as to fupply (he r<x>iA oi ^ QTapbomete£4 



K B R R 
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PROP. XXIV. 

1 

Prob. Fig. 29^ 

To delineate a feld by the help of a plain 
table^from onejlation whence all its angles 
may hefeen^ and their diftances meqfured 

, hy a chavtiw 



\ 



L 



T the fidd that i^ to be taid down 
be ABCD£« At any convenient 
place F^ kt the plain table be xreded ; 
cover, it with clean paper, in which let fome 
point hear the middle reprefent the (btion* 
Tfaeo^ applying at this^place the iodex with 
the fights, dired it fo as that through the 
fights fome mark may be feen at one of 
the angles, fuppofe A ; and from the point 
F, reprefenting the ftatibn, draw a faint right 
line along the fide of the index : Then, by 
the help of the chain, let FA, the diftance 
of the Ration from the forefaid angle, be 

^meafured^ 



PRACTICAL GEOMETRY. 5^ 

xneafured. Then, taking what part you 
think convenient for a Foot or pace from 
the line of equal parts, fet oflF on the faint 
line the parts correfponding to the line FA 
that was meafured ; and let there be a mark 
made reprefenting the angle of the field A. 
Keeping the table immoveable, the fame is 
to be done with the reft of the angles ; thea 
right lines joining thofe marks (hall include 
afigure like to the field, as is evident from 
jth, 6, Eucl. 



COROLLARY. 



The fame thing is done in like manner 
b J the Graphometer ; for having obferved in 
each of the triangles, AFB, BFC, CFD, &c. 
the angle at the ftation F^ and having mea* 
fured the lines from the ftation to the angles 
of the field, let fimilar triangles be protrac* 
ted on paper, (by the 2 1, of this), having 
their common vertex in the point of fta- 
tion. All the lines, excepting thofe which 

reprefent 
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repre&nt the fides of the field, tre to be 
drawn faint or obfcure. 

Note ^ • When a furveyor want9' to hj 
down a field, let him place di^in&lj in a 
regifler all the obfervatioos of the angles^ 
and the meafures of the fides, nntU, at Um9 
and place convenient, he draw o^tthe fi- 
gure on papen 

Note 2^. The obfervations made by the 
help of Hhe Grapboraeter are to be e^ami- * 
ned ; for all the angles about the point F 
ought to be equal to four right ones, by 
13th, \, Eucl. 



PROF,. 
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PROP. XXV, 

\ 

/ . 

P R O B, F I G. 30. 

To lay down afeld by mMtis of two Rations ^ 
from each of which all the angles can be 
feen^ by meqfuring only the dtjlance of the 
Jlations^ 



L£ T the. iaftrument be placed at the 
(lotion F \ and having chofen a point 
reprefenting it upon the paper which is laid 
upon the p}ain table, let the index be applied 
at thi$ point, fo as to be moveable about it. 
Then let it be dire6:ed fucceflively to the 
feveral angles of the field ;, and, when any 
angle is feen through the fights, draw an 
obfcure line along the fide of the index. 
Let the index, with the fights, be directed 
after the fame manner to the ftation G : 
pi) the objure line, drawn along its fide, 
pointing to A, fet off, from, the fcale of equal 
parts, a line correfponding to the meafured 

diftance 
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diftance of the ftations ; and this will deter- 
mine the point G. Then remove the in- 
ftrument to the ftation G ; and applying the 
index to the line repi^efenting the diftance 
of the ftations, place the inftrument fo that 
the firft ftation may be feen through the 
fights* Then the inftrument remaining 
immoveable, let the index be applied at the 
point reprefenting the fecond ftation G ; 
and be fucceffively direded, by means of its 
fights, to all the angles of the field, draw- 
ing (as before) obfcure lines j and the in- 
-terfe£lion of the two obfcure lines that 
were drawn to the fame angle from the 
two ftations will always reprefent that angle 
on the plan. Care muft be taken that thofe 
lines be not miftaken for one another. 
Lines joining thofe interfedions will forni 
,SL figure on the paper like to the field. 



SCHOr. 
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SCHOLIUM, 

Ic will not be difficult to do the fame by 
the graphometer, if you keep a diftind ac- 
count of your obfervations of the >angles 
made by the line joining the (lations, and 
the lines drawn from the ftations to the re- 
fpedtive angles of the field. And this is the 
moft common manner of laying down whole 
countries. The tops of two mountains are 
taken for two ftations, and their diftance is 
either mes^fured by fome of the methods 
mentioned above, or is taken according to 

♦ 

common repute. The fights are fucceffively 
direAed towards cities, churches, villages, 
forts, lakes, turnings of livers, woods, &c, 
I^ote. The diftance of the ftations ought 
to be great enough, with refpe£t to the field 
that is to be meafured ; fuch ought to be 
chofen as are not in a line with any angle 
of the field. And care ought to be taken 
likewife,.that the angles, for example, I* AG, 
FDG, &c." be neither very acute, nor very 

obtufe. 



\ 
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obtufe. Such angles are to be avoided as 
much as poflible ; and this admonition is 
found very ufeful in pradtice. 



PROP. XXVI. 

« 

PzoB. Fio. 3i. 

To lay dawn any JUld^ however irregml^ 
itsfgnre may be^ by the help of the Gra^ 
phometer. 



LET ABGEBHG be fuch a field, htt 
its angles (in- going round it) be ob-« 
fcrved with a graphomcter, (by the 1 2th of 
thi^)^ and noted down ; let its fides be mea-^ 
fured with a chain ; and (by what was (aid 
on the 2ift of this) let a figure^ like to the 
gircii field, be protradied on paper. If any 
mountain is in the circumference, the ho-* 
rizontal line hid Under it is to be taken fbf 
a fide, which may be found by two or three 
obferratioas, according to fome of the me*^ 
- ' thods 
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thods dcfcribed above ; and its place on the 
map is to be diftinguiihed by a fhade, that 
it may be known a mountain is there. 

If not only the circumference of the field 
^ is to be laid down in the plan, but alfo its 
^contents, as villages, gardens, churches, pu- 
blic roads, we muft proceed in this manner. 

Let there be (for example) a church F, 
to be laid down in the; plan. Let the angles 
ABF, BAF be obferved, and prot rafted on 
paper in their proper places, the interfedion 
of the two fides BF and AF will give the 
place of the churfch on the paper: Or, 
more exactly, the lines BF, AF being mea- 
fured, let * circles be defcribed from the 
centres B and A, with parts from the fcale 
correfponding to the diftances BF and AF, 
and the place of the church will be at their 
interfeSion. 

Note I. While the angles obferved by 
the graphometer are taken down, you muft 
be careful to diftinguifh the external angles, 
as E and G, that they may be rightly pro- 
traded afterwards on paper. 

I Note 



1 
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Note 2. Our cbfcrvations of the angfcj 
may be examined, by computing, if all the 
internal angles make twice as many right; 
angles, four excepted, as there are fides of 

« 

the figure : For this is dcmpnftrated by ^ad 
i. Eucl. But, in place of any exrernat kngf e 
DEC, its complement to a circle is to be 
taken. 



PROP. XXVII. 

I 

P R B* Fig. 32. 
Tc^ lay down aplainji^ld nviibout ittftrumenU^ 

> 

IF a fmall field is to be meafured, and a 
map of it to be made, and you are not 
provided with inftruments ; let it be fup- 
pofed to be divided into triangles, by right 
lines, as in the figure j and after meafuring 
the three fides of any of the triangles, for 
example, of ABC, let its fides be laid down, 
from a convenient fcale, on paper,' by the 

22d 

« 4U» V t 



2^d of this. Agaiin, let the other twoHded 
]BiD, CD of th? tri^oglc CBD be meafuredi 
apd protracted on the paper^ by the farne 
fcale ^as before^ In the fame mander pro- 
ceed with the reft of the triangles of which 
the field is compofed ; and the map of the 
field will be perfe^edf For the three fides 
of a triangle determine the triangle ; whehce 
each triangle on the paper is fimilar to its 
cprrefpondent triangle in the field, and is 
fimilarly fituated : Confequently, the whple 
figure is like to the whole field* 
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If the field be fmall^ and all its angles 
may be feen from one ftatio^, it may ht 
very well laid down by the ^lain table, by 
the a4th of this. If the field be larger, 
and have the requifite conditions, and great 
exaftnefs is not expected, it likewife may 
be plotted by means pf the plain table, or. 
by th( Grfiphometer, acwrdiag Jp the 25th 

\ of 
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of this ; but, in fields that are irregular and 
mountainous, when an exa£l map is requi- 
red, we are to make ufc of the Graphomc- 
tar, as in the 26th of this, but rarely of the 
plain table. 

Having protraSed the bounding Hnesi 
the particular parts contained within them 
may be laid down, by the proper operations 
for this purpofe, delivered in the 26th pro- 
^ pofition ; and the method defcribed in the 
27th propofition may be fometimes of fer- 
vice ; for we may truft more to the' mea- 
furing of fides, than to the obfervinjg of 
angles. We are not to compute four-fided 
and many-fided figures, till they are refol- 
ved into triangles : For the fides do not 
determine thofe figures. 

In the laying down of cities, or the like, 
we may make ufe of any of the methods de- 
fcribed above that may be moft convenient. 
The map being finiftied, it is transferred 
on clean paper, by putting the firft Iketch 
above it, and marking the angles by the 
point of a fmall needle, Tbefe points being . 

joined 
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joined by right lines/ and the whole illu- 
minated by colours proper to each part, 
and the figure of the mariiler's compafs' 
being added to diftinguifli the north and 
fouth, with a fcale on the margin, the map 
or plan will be finifhed and neat. 

We have thus briefly and plainly treated 
offurveying, and fhown by'what inftru- 
mentsitis performed ; having avoided thofe 
methods which depend on the magnetic 
needle, not only becaufe its diredion may 
vary in diflferent places of a field, (the con- 
trary of this at leaft doth not appear), but 
becaufe the quantity of an angle obferved 
i by it cannot be exadly known ; for an er- 
ror of two or three degrees can fcarcely be 
.avoided in taking angles by it. As for the 
remaining part of furveying, whereby the 
area of a field already laid down on paper, 
is found in acres, roods, or any other fu- 
perficial meafures ; this we leave to the 
following part, which treats of the menfu- 
ration of furfaces. 

* Befides the inftruments defcribed above, 
* a furveyor ought to be provided with an 

* ofF^ 
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off-fet ft^i eqiial in length to teo links of 
the chain, and divided into t«n equal parts* 
He ought likewife tp have tea arrows or 
fqiall (Iraight fticks, near two feet long« 
Ihod with iron ferrils* When the chain 19 

firft bpenedi it ought to be examined by 
the off^fet fiaf. In meafiiring anj line, 
the leader of the chain is to have the ten 
arrows at firft fetting out. Wh<pa the 
chain is ftretched in the line, and the near 
end touches the place from which you 
meafure, the leader flicks one of the te^ 
arrows in the ground, at the far end of 
the chain. Then the leader leaving the 
arrow, proceeds with the chain another 
length J and the chain being ftretched in 
the line, fo that the near end touches the 
firft arrow, the leader fticks down another 
arrow at his end of the chain. The line 
is prcferved ftraight, if the arrowy be al- 
ways fet fo as to be in a right line with 
the place you meafure from, and that to 
which you are going. In this manner 
they proceed till the leader have no more 

* arrows. 
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^arrows. At the eleventh chain, the ar- 
rows are to be carried to him again, )and 
he is to ftick one of them in the ground, 
at the end of the chain. And the fame is 

I 

to he done at the 21 3(- 41* &c. chains, 
if there are fo many in the right line to be 
meafured. In this manner you can hardly 
commit an errdr in numbering the chains, 
udl^fs of tdn chains at once. 
• The off-fet ftafF fertes for meafuring 
readily the diftmces of any things proper 
to be reprefeilted in your plan, from the 
ftation-linc while you go along. Thefe 
diftances ought to be entered into your 
^ field •book,with thecorrefponding diftances 
from the laft ftation, and proper remarks, 
that you may be enabled to plot them 
juftly, and be in tio danger of miftaking 
one for another, when you extend .yotir 
plan. The field-book may be conveni- 
ently divided into five columns* In the 
middle column the angles at the feveral 
ftations taken by the Theodolite are to be 
gntcred, with thp diftances from the fta- 

• tions. 
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tions. The diftanres taken by the off-fet 
ffaff, on either fide of the ftation-line, are 
to be entered into columns, on either fide 
of the middle column, according to their 

pofition with refpeft to that line. The 
names or charaflers of the obje<9:s, with 
proper remarks, may be entered in co- 
lumns on either fide of thefe laft. 

' Becaufe, in the place of the Grapho- 
meter defcribed by our author, purveyors 
now make ufe of the Theodolite, we (hall 
fubjoin a defcription of Mr SifTon's lateft 
improved Theocjolite from Mr Gardiner's 
Practical Surveying improved. See a fi- 
gure of it in plate 4. 

' In this inftrument, the three ft affs, by 
brafs ferrils at top, fcrew into bell-metal 
joints, that are moveable between brafs 
pillars, fixed on a ftrong brafs plate ; in 
which, round the centre, is fixed a foc- 
ket with a ball moveable in ir, and upon 
which the four fcrews prefs, that fet the 
limb horizontal : Next above is another 
fuch^plate, through which the faid fcrewg 
paf§, and on which, round the centre, is 

• fixed 
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fixed afruftum of i. cone of >eU-meul^ 
Whofe axis (being coaiieded with the 

ft 

Centre of the ball) is always perpendicular 
to tbe limb, by means of a conical brafs 
ferril fitted to it, whereon is fii&ed the 
compafs-box J and on it the limb, which 
is a ftrong bell- metal ring, whereon are 
moveaMe three brafs indexes j in whofe 
plate are fixed four brafs pillais, that, 
joining at top, h6ld the centre- pin of the 
belUmetal double fextant, whofe double 
index is fixed on the centre of the fame 
plate r Within the double fextant is fixed 
the fpirit- level, and over it the teleftope. 

• The dompafs-box is graved with two 
diamonds for north aiid fouth, and with 
20 degrees on both fides of each, that th? 
needle may be fet to the variation, and its 
error alfo known. 

* The limb is two FUurs dc luce againft 
the diamonds in the box, inilead of i8o 
each ; and is curioufiy divided into whole 
degrees, and numbered to the left hand 
at every left to twice 180, having three 

K ^ index«3 
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indexes diftant 120, (with Nonius's divi-' 
fions on each for the decimals of a de- 
gree), that are moved by a pinion fixed 
below one. of them, without moving the 
limb ; and in another is a fcrew and 
fpring under, to fix it to any part of the 
limb. It has alfo divifions numbered, 
for taking the quarter girt in inches of 
round timber at the middle height, when 
ftandifig ten feet horizontally diftant from 
its centre ; which at 20 muft be doubled^ 
and at 30 tripled j to which a fliorter in- 
dex is ufed, having Nonius'a divifions for 
the decimals of an inch ; but an abatement 
muft be made for the bark, if not taken oflF. 

* The double fextant is divided on otic 
fide from under its centre (when the fpi- 
rit-tube and telefcope are level) to above 
60 degrees each way^ and numbered at 
ID, 20. &c. and the double index (through 
which it is moveable) fhews on the fame 
fide the degree and decimal of any alti- 
tude or depreffion to that extent by No- 
nius's divifibns ; On the other fide are di- 

» 

• * vifions 
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* vifions numbered for taking the upright 
height of timber, &c. in feet, when diftant 
10 feet ; which at 20 muft be doubled, 
and at 30 tripled ; ^nd alfo the quantities 
for reducing hypothenufal lines to hori- 
zontal. It is moveable by a pinion fixed 
in the double index. 

* The telefcope is a littie fhorter than 
the diameter of the limb, that a fall may 
not hurt it ; yet it will magnify as mUch, 
and fhew a diftant objed as perfed, as 
moft of triple its length. In its fdcus are 
very fine croft wires, whofe interfe£kion 
is in the plane of the double fextant ; and 
this was a whole circle, and turned in a 
lathe to a true plane, and is fixed at right 
angles to the limb j fo that, whenever the 
limb is fet horizontal, (which is readily 
done by making the fpirit-tube level over 
two fcrews, and the like over the other 
two), the double fextant and telefcope are 
moveable in a verticaf plane ; and then 
every angle taken on the limb (though 
the telefcope be never fo much elevated 

or 
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or depreiled) will be aq angle in the plane 
of the horizoa. Aad this is abfolutely 
neceflary in plotting a horizontal plane* 

^ If the lands to be plotted are hilly, and 
not in any one plane, the lines meafured 
cannot be truly laid down on paper, with- 
out being reduced to one plane, whicli 
mufl be the horizontal, becaufe angles are 
taken in that plane.-— 

^ In viewing my objedks, if they have 
much altitude or deprefiion, I either write 
down the degfee and decimal (hewn on 
the double fextant, or the links ihewn on 
the back-fide ; which laft fubtraded from 
every chain in the ftation*line, leaves th^ 
length in the horizontal plane* But, if 
the degree is taken, the following tabl? 
will fhew t}ie quantity. 



4 TABlSi 



I 
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A TABLE of the links to befubtraSlcd out 
of every chain in hypothenufal lines of 
feveral degrees attitude^ or deprejfton^for 
reducing them to horizontal. 



Digrees* Links. 



4.05 

5.73 
7,02 

8,11 

11,4^ 



,1_ 

% 

•I 
3 



Dtgrett* Links* Degrees. Links. 

14,07—3 23,074— s 

i6,a6 —4 24,495—9 

18,195—5 25,84-10 

19,95 —6 27,13— ir 

ai.jT^i— 7 I a 8,36— 1 2 



■^■^^^ 



"I ' 



* Let the firft ftacion-line redly meafurtf 

* I X 07 liivksy and the angle of altitude or 
^ deprefiion be 19% 95 } looking in the table 
^ I find againft 19% 95^ is fix links* Now 

* 6 times 1 1 is 66 ; which fiibtraded from 
^ 1 1079 leaves 1041, the true length to be 
^ laid down in the plan. 

* It is ufeful in furveyingt to take the 
^ anglesf which the bounding lines form, 
^ with the magnetic needle, in order to check 
^ the angles of the figure, aad to plot them 

* copveniently afterwards/ 

PART 



•■^. ■ t^ 
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PA^RT IL 

Of the Surfaces of Bodiei, 

TIIE fmalleft fuperficial meafure witl^ 
us is a fquare inch ; 144 of which 
makes a fquare foot. Wrights inake ufe of 
thefe in the tneafuring of deals and planks ; 
but the fquare foot which the glaziers ufe ia 
meafuring of glafs, confifts only of 64 fquare 
inches. The other meafures are,^r/?, the 
ell fquare ; sJ/y, the fall, containing 36 
fquare ells ; ^dfyj the rood, containing 40 

falls ; 4^hfy^ the acre, containing 4 roods. 

« • ■ * 

Slaters, mafons, and pavers, ufe the ell 
fquare and the fall ; furveyors of land ufe the 
fquare ell, the fall, the rood, and the acre. 
The fuperficial meafures of the Englifh, 
zrejirfiy the fquare foot ; 2 J/y, the fquare 
yard, containing 9 fquare feet ; for their 
yard contains only 3 feet j ^dfy^ the pole 
containing 30^ fqtiare yards j /^thfy^ the 

rood, 
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roQ.d^ containing 40 poles j S^^b^ Ae acre, 
containing 4 roods. And hence it is eafy 
to reduce our fuperficial meafures to the 
Englifli^ <>r theirs to our. 

^ In order to find the content of a field, 
it is mofl convenient to meafure the Hnesi 
by the chains defcribed above^ Pv4* '^^C 
of a2 yards for computing the Englifh 
acr^s^ and that of 24 Scots ells for the 
acres of Scotland. The chain is divided 
into 100 links, and the fquare of the chain 
is 1 0^000 fquare links ; ten fquaresof the 
chain, or 100,000 fquare links give an 
acre. Therefore, if the area be expreflfed 
by fquare links, divided by 100,000, or 
cut off five decimal places, and the quo- 
tient fhall ^ive the area in acres and de- 
cimals of an acre. Write the entire acres 
apart j but multiply the decimals of an 
acre by 4, and the produdi fhall give the 
remainder of the area in roods and deci- 
mals of a rood. Let the entire roods be 
noted apart after the acres ; then multiply 
the decimals of a rood b^ 40, and the 

* produ^ 



^ 
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'pdrodttd ihall give the remaiiidarof tbe 

* area id falls or poles. Let the entire falls 
^ Of polcf be then writ after the roods, and 
^ multiply the decimals c^ a fall by 36, IF 
^ the area is required in the meaforea of 
^ Scotfaind ; but multiply the decimals of a 
^ pde by 30^:, if the area is required in the 

* meafures of Et^land, and the produft 
^ ihall give the remainder of the area in 
^ fquare ells in the former cafe, but \ti fquftre 
< yards in the latter^ if, in the former cde,' 
^ you would reduce the decimals of the' 

* iquare ell tofquare feet, muWpfy them by* 
^ 9.50694 ; but, in the latter cafe, the de- 

* cimals of the Englifli (quare yard are re- 

* dueed to fquare feet, by multiplying them 
•^by 9. . 

• Suppofc, for example, that the area ap- 
^ pears to contain 12.65842 fquare finks of 
^ the chain of 24 ells ; and that this area is 

* to be expreffed in acres, roods, falls, &c. 

* of the meafures of Scotland. Divide the 

* fquare links by 100,000, and the quotient 
^ 12,65842 ihows the area to contain 19 

^ acres 
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acres i%*oVo*p of ^a acre; Multiply the de- 
cimal part by 4, and the produd 2.63368 
gives the remainder in rood^ and decimals 
of a road. Thofe decimals bf the rood 
being multiplied by 40, the produdl gives 
25.3472 falls. Multiply the decimals of 
the fall by 36, and the produdk gives 
12.4992 fquare ells. The decimals of 
the fquare ell multiplied by 9.50994 give 
4.7458 fquare feet. Therefore the area 
propofed amounts to 12 acres, 2 roods^ 25 
fallSj 1 2 fquare ells, and 4 tt^to fquare 
feet. . 

. * But, if the area contains the fame 
number of fquafe links of Gunter's chain, 
and is to be expreffed by Englifli mca- 
fures, the acres and roods are computed 
in the fame manner as in the former cafe. 
The poles are computed as the falls. But 
the decimals of the pole, viz^ tVoTS-i are 
to be multiplied by 30^ (or 36.25), and 
the prbdufk gives ia5028 fquare yards. 
The decimals of the fquare yard, multi- 
plied by 9, give 45252 fquare feet ; 

L • there- 
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tfierefore, in this cafe, the area is in En-* 
glifh meafure 1 2 acres, 2 roods, 25 poles, 
I o fquare yards, and 4 tVoVo Square feet. 

* The Scots acre is to the Englifli acre, 
by ftatute, as 100,000 to 78,694, if we 
have regard to the diiFerence betwixt the 
Scots and Englifb foot above mentioned. 
But it is cuftomary in fome parts of Eng- 
land to have 18,21, &c. feet to a pole, 
and 1 60 fuch poles to an acre j whereas, 
by the ftatute, 1 6^ feet mak;6 a pole. Inr 
fuch cafes the acre is greater in the dupli* 
cate ratio of the number of feet to a polc.- 

' They who meafure land in Scotland by 
an ell of 3.7 Englifli inches, make the acre 
lefs than the true Scots acre by 593-rV 
fquare Englifh feet,; or by about -^j of the 



acre. 



' An hufband-land contains 6 acres of 
fock and fcythe-land,. that is, of land thai 
may be tilled with a pknigh, and mown 
with a fcythe ; 13 acres of arable land 
make an oxgang or oxengate ; four oxen- 
gate make a pound- land of old extent (by 
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* a decree of the exchequer, March 1 1 . 

* 1585), and is called {ibrato terrae. Afor- 

* ty fhilling land of old extent contains 

* eight oxgang, or 164 acres. 

* The Arpent about Paris contains 32400 

* fquare Paris feet, and is equal to 2 j Scots 

* roods, or 3—5- Englifli roods. 

* The A6lus quadratus^ according to Var- 
^ ro, Collumella, &c. was a fquare of 120 

* Roman feet- The jugerum was the double 
^ of this, 'Tis to the Scots acre as 10,000 

* to 20,450, and to the Englifh acre as 

* 10,000 to 16,097. It was divided (like 

* the As) into 12 unciae, and the uncia in- 

* to 24 fcrupula.* This, with the three 
preceding paragraphs, are taken from an 
ingenious raanufcript written by Sir Robert 
Stewart profeffor of natural philofophy. 
The greateft part of the table in p. 6. was 
Uken from it likewife. 



PROP. 
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PROP. I. 

P ROB. Fig. 1. 

\ 
To find out the area (^ a reSiangtdar parql^ 
lelogram ABCD. 



LE T the fide Ap, for example, be 5 
feet long, and BC (which cooftitutes 
with AB a right angle at B) be 17 feet. Let 
17 be multiplied by 5, and the product 85 
will be the number of fquare feet in the 
area of the figure ABCD. But^ if the pa- 
rallelogram propofed is not re6Uogular, ac( 
BEFC, its bafc BC multiplied into its perr 
pendicular height AB (not into its fide BE) 

will give its area. This is «videqt from 
35th I. Euel. 



PROP. 



V 
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PROP. IL 

P R O B. FlO. 2. 

I'ojind, the Area of a given Triangle. 

LET the triangle BAG be given, whofc 
bafe BC is fuppofed 9 feet long : Let 
the perpendicular AD be drawn from the 
angle A oppofice to the bafe, and let us fup-- 
pofe AD to be four feet. Let the half of 
the perpendicular be multiplied into the 
bafe, or the half of the bafe into the per- 
pendicular, or take the half of the produd: 
of the whole bafe into the perpendicular, 
the produd gives 1 8 fquare feet for the 
area of the given triangle. 

But, if only the (ides ^rc given, the per- 
pendicular is found either by protra6ling 
fhe triangle, or by 12th and 13th 2. EucU 
or by trigonometry. But how the area of 
a triangle may be found from the given 
fides only, fhall be ihewn in the 4th prop« 

of this partt 

PROP. 



\ 
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PROP. III. 
P R o B. Fig. 3. 

Tojlnd the Area of any reSliltneal Figure^ 

IF the figure be irregular, let it be refol- 
ved into triangles ; and drawing per- 

r 

pendiculars to the bafes in each of them, 
let the area of each triangle be found by 
the preceding Prop, and the fum of thefe 
areas will give the area of the figure. 

SCHOLIU M I. 

In meafuring boards, planks, and glafs, 
their fides are to be meafured by a foot- 
rule divided into loo equal parts * and af- 
ter multiplying the fides, the decimal frac- 
tions are eafily reduced to lefler denomi- 
nations. The menfuration of thefe is eafy, 
when they are re^angular parallelograms, 

SCHOj 
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SCHOLIUM 2. 

If a field is to be meafur^d, let it firft be 
plotted on paper, by fome of the methods 
defcribed in the preceding part, and let the 
i&gure folaid down be divided into triangles, 
as was fhown in the preceding propofition. 

The bafe of any triangle, or the perpcn- 
dicular upon the bafe, or the diftance of any 
two points of the field, is meafured by ap- 
plying it to the fcale according to which 
the map is drawn* 

SCHOLIUM 3. 

But, if the field given be not in a hori- 
zontal plane, but uneven and montainous, 
thfc fcale gives the horizontal line between 
any two points, but not their diftance mea- 
fured on the uneven furface of the field. 
And indeed it would appear that the hori- 
zontal plane is to be accounted the area of 
an uneven and hilly country. For, if fach 

ground 
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ground is laid out for building on, or for 
planting with trees, or bearing corn» fince 
thefe (land perpendicular to the horizon^ it 
is plain that a mountainous country cannot 
be confidered as of greater extent for thofe 
ufes than the horizontal plane ; nay, per^- 
haps, for nourifiiing of plants, the horizon- 
tal plane may be preferable.' 

If, however, the area of a figure, as it fies 
irregularly on the furface of the earthy is to 
be meafured, this may be eafily done by re* 
Iblvittg it into triangles as it lies. The fum 
of their areas will be th^ area fotight j 
which exceeds the area of the horizontal 
figure more or lefs, fccordihg as the field 
is more or lefs uneven. 



4 



tf^of-: 
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PRO f, IV; 



pROB«* li^lG. 2i; 



ythejides of 4 ttiuflgte i^eitig givifH to find 
the ana^ without finding the perpindi^ 
eular. 



LET all tte fides of the triangle be col- 
le&ed into one fiim j from the half of 
tsrhich let the fides be feparately fubtta&ed^ 
that thf^e differences may be fotxiid betwixt 
the forefaid half fum and each fide ; thtti 
let thefe threef diSerehceS and the half fum 

be muhiplied into one another^ and thet 
fquare root of the produd will givti the area 
of the triangle. For example, let the fides 
be lOy 17, 21 ; the half of their fum is 24 ; 

the three differences betwixt this half fuoi 
and the three fides, are 14, 7, and 3. The' 
firft beifig miiltip}ied by the fecond, ami 
their prodtid by the third, t^e have 394 
for the prodtt^ of the differences ; which 

M toul- 



I 



» 



L. 
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multiplied by the forefaid half fum 24^ 
gives 7056 ; the fqoare root oi which 84 
26 the are^ of the triangle. The demon- 
ftration of this^ for the fake of brevity, we 
omit. It is to be found in feveral treatifes, 
particttlarly in Qavids'$ Pra^bioalGepmclry;' 



PROP. V. 

'!f H E o R. Fig. 4. 

The area of the ordinate figure ABEFGH is 
equal to the produSl of the half circumfe*- 
renee of the polygon^ multiplied into the 
perpendicular drawn fr$m th€ centre of 
the circumfcribed circle to the Jide of the 
jpofygon. 

» 

FOR the ordinate figure can be xefolved 
into as. many equal triangles, as there 
are fides of the figure j and, fince each tri- 
angle is equal to the product of half the . 
bafe into the perpendicular, it is evident that 

the 
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the film of all the triangles together, that 
is, the polygon, is equal to the produiSt of 
half the fum of the bafes (that is, the^ half 
of the circumference of the polygon) into 
the comnion perpendicular height of the 
triangles drawn fronj the centra r C to oa« 
of the fides ; for example, to AB. 



PROP. VL 



P R o B. Fig. 5. 



^> arta of a circle is found by nmltiplyihg^ 
the half^ of the periphery into the m4ius^ 
0r the half of the radius into the peri^ 
phery. 

FOR a circle is not different from an 
ordinate or regular polygon ofia»in- 
fbite tiumber of fides, and the common 
height of the triangJes into which the polyt- 
gon or cirde may be fiippofcd to be divided 
is the radius of the ^irgle? 

^ Were 



'^^♦?y' 
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Were it worth while, it were eafjr to 4%\ 
monftrate aficfint^y this pcopofitioa, h^r 
means of the infcnbed and cireu{|^icribe4 
figures, 4S is done in the 5th Prop, of th^ 
treattfe of Archimedes concerning tb« dl* 
menfions of the circle^ 

COROLLART. 

Hence alfo it appears that the area of the 
fcdor ABCD is produced, by multiplying 
the half of the arch into the radius ; and 
likewife that the afea of the fegment of the 
circle ADC is found, by fubtrading From 
the area of the fe^fior the area of the trir 
angle ABC. 

. ... • - , • 

PROP. VII. 

T a I b R. Fig. 6. 

The drdc is fa tbejquarc 0^* thi diamtt^ 
as 11 19^ 14 msarlf. 

^R, if the diameter AB be fuppofed to 
be 7, the circumference AHBK will 
be almotl 22 (by the 2 2d Prop, of the firft 

part 




pfttt ^f this); and the u&l of the i^uare 
J>G will bq 19 ; andg by thi^ preceding 
prop, of this, the area of ihcr circle will be 
581^ : Therefore the fquare DC will be to 
the infcribed circle as 49 to 587, or as 98 
to 77, that is^ at 14 to 11% -4^ E. B. » 

If greater exadnefs is required, you may , 
proceed to any degree of accuracy : For the 
fqnare DC is to the infcribrd circle, as i to 

» — T+T^^T+F^^+t^ ^^- ^ infinitum^ 

•This feties wUl.be of no forvice fof 

^ . Qomputing theatres of the cu^ck accurately^ 

^ withoutt ibme fucthei artifice, becaufe it 

• converges at too flow a rate*. The ^rea, 
•* of die circle wUl be found exadly enough 

• fof moft pmrpoics, by multiplying the 
^ fquare of the diameter by 78541 and diTi- 
^ ding by io^oqo^ or cutting off four decl- 

• mal places from the produ^; foe the area 
^ of the circle tsto the ^rcum&ribediqii^i^ 
f nearly as 7854 to iO|POO^* , , 

■ i 

PROP. 
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PROP. vm. 



Pros. Fig. 7. 



tp" 1 ' 



To find the Area of a given Ellipfi. 

LET ABCD be an ellipfe, whofe grcateip 
diameter is BD^ and lefler AC, bifec* 
ting the greater perpendicularly in £• Let 
a mean propo^rtional HF be^found (by 13th 
6. Eucl.) between AC and BD, and (by the 
6th of this) find the area tof the cirde de- 
fcribed on the diameter HF. I fay, that this 
area is equal to^he area of the ellipfe ABCD. 
For becaufe, as BD to AC, fo the fquare of 
fiD to the fquare of HF, (by 2. Cor. 20th 
6. Eucl,) : But, (by the 2d 12. EucJ.) as the 
fquare of BD to the fquare of HF, fo is the 
circle of the diameter BD to the circle of 
the diameter HF : Therefore, as BD.to AC, 
fo is the circle of the diameter BD to the 
circle of the diameter HF. And (by the 
^ih Prop, of Archimedes of fpheroids) as 

the 
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tbe greater diameter BD to the leffer AC^ 
fo is the circle of the diameter BD to the 
ellipfe ABCD. Codfequently (by the iitl^ 
5. £ucl.) the circle of the diameter BD will 
have the fame proportion to the circle of the, 
diameter HF, and to the ellipfe AB^CD^ 
Therefore, by 9th 5. Eucl. the area of the 
circle of the diameter HF will be equal to 
the area of the ellipfe ABCD.. J^. E. J?- 



$ a H L iV M. 

* Frocri thia ahd the two preceding pro-* 
pofitions, a method is derived of finding^thd 
area of an ellipfe. There are two ways : 
ift) Say, as one is to the leffer diameter, fo 
is the greater diameter 10 a fourth number^ 
(which is found by the rule of three.) Then 
again fay, as 14 to 11, {o is the 4th num- 
hti foitad to the area fought. But the fe- 
cond way is (horter. Multiply the leffer 
diameter into the greater, and the produdk 
by 1 1 ; then divide the whole produd): by 
I4j and the quotient will be the area fought 

of 
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of the ellipfe. For example^ Let the great'' 
er diameter be lo, and the leiler 7, by 
Itaultiplying 10 by 7^ the produft is 70; 
and multiplying that by 1 1, it is 770 ; and 
dividing 770 by 14, the quotient will be 
^^^ which is the area of the ellipfe fought* 
^ The area of the ellipfe will be found 

* more accurately, by multiplying the pro- 

• duft of the two diameters by 7854.* 

We (hall add nd more about other plain 
furfaces, whether redilinear or curvilinear^ 
which feldom occur in pradiee ; but ihall 
fubjoin fome propofitiona about meafuriag 
the furfaces of folids. , 



PR O P. 
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P HO P. IX. Prob. 

To meafure tbefurface ipfany Trifih. 

HrtHei4tii definition pf tbe^i ith Eucl; 
., i, pri^m is contained by^hni^s, of 
if»y^^W6 dj^^&fitt fid^s (eofmMonly called 
the bafes)are plain rcdilineal figures; which 
are either ttfgtil'aY sfnd bfdiriate, and mca- 
fured by Prop. j*. t)f this part; Or however 
irfegulaf, zxA thefi they «lfe meafured bjr 
the 3d l^rop. a this hdo'k. The other fides 
are p'^faltfeltJgtlhiS, which arc meafured by 
the ift Prop, of the fecond part j arid the 
♦frhole (bperficies of the prifm confifts of 
the fufti of thofe taken ahogethen 

P R O P, X. Pro t. 
T^ meufitn thi fuperjicies of any Pyramidi 

SINCE its bafis is a redtilineal figure^ 
and the reft of the planes terminating 
in the top of the pyraiQid are triangles; 

N thefe 
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thefe rrieafured feparateljr, and added to-* 
gether, give the furface of the pyramid re* 
quired^ 

PROP. XL PROB. 

X 

To meafure thefuperficiesofany Regular Body 

THOSE bodies arc called regular, which 
are boui>ded by equilateral and e* 
quiangular figures. The fuperficies of the 
-tetraedron confifts of four equal and equi- 
angular triangles ; the fuperficies of the 
hexaedron, or cube, of fix equal fquares ; 
an odaeuron, of eight equal equilateral 
triangles ; a dodeGaedl:on, of twelve equal 
and ordinate pentagons ; and the fuperficies 
of an icofiaedron, of twenty equa) and equi- 
lateral triangles. Therefore it will be cafy 
to meafure thefe furfaces from what has 
been already fhown. 

In the fame manner we may meafure 
the fuperficies of a folid contained by any 
planes. 

PROP. 
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PROP. XII. 

Pros. Fig. 8. 

To meafure the Superficies of a Cylinder. 

BECAUSE a cylinder differs very little 
from a prifm, whofe oppofite planes 
(or bafes) are ordinate figures of an infinite 
number of fides, it appears that the fu- 
perficies of a cylinder, without the bafes, is 
equal to an infinite number of parallelo- 
grams; the common altitude of all which is 
the height of the cylinder, and the. bafis of 
them all differ very little from the periphe- 
ry of the circle, which is the bafe of the 
cylinder. Therefore this periphery mul- 
tiplied into the common height, gives the 
fuperficies of the cylinder,^ excluding the 
bafes; which are to be meafured feparately 
by the help of the 6ih Prop, of this part. 

This propofition concerning the meafure 
of the fu.rface of the cylinder (excluding 

its 
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its bafis) is evident from this, That, wheq 
it is conceived to be fpread put, it becomes 
a paraUelogram, whofe bafe is the periphe* 
ry of the circle of the bafe of the cylinder 
ilretched ipto a right line, and whofe height 
i$ the faixie with the height of the eyiitider, 



PROP, zni 



Prob. Fig. 9. 
To meqfure the Surface ^fa itight Cene. 

•T* H E furface of a right cone is very 
-*• little differeixt from the furface of % 
right pyramid, having an ordinate polygon 
for its bafe, of an infinite number of fides ] 
the furface of which (excluding the bafe) is 
equal to the fum of the triangles. The fuoi 
of the bafes of thefe triangles is equal to the 
periphery of the circle of the bafe, and the 
common height of the triangles is the fide 
pf the cone AB: Wherefore the foia of 

thcf(? 
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the Aim of the bafes {$. e. the p^ripbfry of 
the bafe of the cone) multiplied into the 
half of the aOd{moQ ^eigfat, or it is equal to 
the prbduA of the periphery of the bafe. 

If the area of the bafes is likewife wanted, 
it is to be fouod ffptratcly by the ^h Prop, 
of this part. If the furface of a cone is 
fuppofed to be fpread out on a plane, it will 
become a fefitor of a circle, whofe radius is 
the fide of the cone i and the arch termi^ 
natlng the feftor is made from the periphe- 
ry of the bafe. Whence, by Corol. 6. Prop, 
pf this, its dimenfioQ may be found. 



C RO L L A RT. 

Henc« it will be t^iy %o meafure the fur^ 
feoe of tjifrffftum of a cone cut by a pUna 
parallel to the bafe. As to whftt; relates to 
the meafuring of the furface of the fcale-* 
Bous cone, becaufe it is not very ufeful 19 
pra^ice, we ihall qot dcfcribe the method i 

which 



/ 
/ 
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which would carry us beyond the litnite of 
this treatife. 



PRO P. XIV, 

Pros. Fig. io. 

To meafure the Surface of a gi'ven Sphere^ 

LET there be a fphere, whofe centre i« 
Ay and let the area of its convese 
furface be required^ Archimedes demoa- 
{Irates (37. Prop* i, book of the fphere and 
cylinder) that its furface is equal to the area 
of four great circles of the fphere j that ia, 
let the area of the great circle be multiplied 
by 4, and the produ£t will give the area of 
the fphere ; or, by the 20th 6. and 2d 12, 
of Eucl. the area of the fphete given is e- 
qual to the area of a circle whofe radium 
is the right line BC, the diameter of the 
fphere. Therefore, having meafured (by 
6th Prop, of this part) the circle defcribed 
with the_ radius BC, this will give the fur^ 
* face of the fphere* 

PROP^ 
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P R O P. XV. 

Prob, Fig. io# 
jfo meafure thefurface ofdfegment of a Sphere. 

LE T there be a fegitient cut off by the 
plane ED. Archimedes demonftrates 
(49. and $0. !• defphaera) that the furface 
of this fegmenti excluding the circular bafe^ 
is equal to the area of a circle whofe radi- 
us id the right line BE drawn from the ver- 
tex B of the fegment to the periphery of 
the circle DE. Therefdre, by the 6th Prop, 
of this part, it is eafily ineafured. 



COROLLARY i. 

Hence that part of the furface of a fphere 
that lieth between two parallel planes is 
eafily meafured, by.fubtradting the furface 
of the lefTer fegment from the furface of 
the greater fegment. 

COROL- 



t«4 A TUfiATtSK or 

CO S L L J Rt i. 



Hence likewife it follows, that th^ Air- 
face of a cyllflder, defcttbed aftout a fphere 
(exdudiog the bafis) is equal to the furface 
of the fphere, and the parts of the one to 
the part* of the other, iatefcepted betwees 
p|«Qe$ paraliel c& the ba^s of tlie eylindti^^ 



1* ART m. 

« 

OfSitidFigUfiii and tUf^it* Matfaftitiffii, 

AS hi the prdoeding parts we took an 
inch for the fmallefl: meafure ki 
length, and an inch fquare for the fmallen: 
fuperficial meafure ; fo now, in treating of 
the metifurafion cf follds, we t^k^ a cubi* 
cal inch for the fmallell folid meafure. Of 
fhefe 100 ms^kes a Scots pi^f ; other Hqtiid 
meafure depends on this, as is generalfy 
known* 

In dry meafuf es, the firfot, by ftatute, 
contains 197 pints} and on this depend thd 

other 
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<}th€r dry meafures : Therefore, if the con- 
tent of any foHd be given in cubical inch- 
jcs, it will be eafy to reduce the fame to 
the common liquid -or dry meafures, and, 
converfely, to reduce thefe to folid inches. 
The liquid ^and dry meafures in ufe among 
other nations, are known from their wri- 
ters. 

* As to the Englifli liquid meafures, by 
a& of parliament 1706, any round velTd, 
commonly called a cylinder, having an 
even bottom, being feven inches in diame- 
ter throughout, and fix inches deep from 
the top of the infide to the bottom (which 
veffel will be found, by computation, to 
contain 330. t?-—© cuWcal inches); or any 
veffel containing 231 cubical inches, and 
ho more, is deemed to be a lawful wine- 
gallon. An Englifh pint therefore (jon^ 
tains. 28|- cubical inches; two pints makes 
a quart ; four quarts a gallon ; } 8 gallons 
a roundlet ; three roundlets and an half, 
or 6^ gallons, make a hogfliead; the half- 
of ^ hogfliead is a barrel; one hogfliead' 

O ' and 
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and a third, or 84 gallons^ make a pun^^ 
cheon ; one puncheon and a half, or two 
hogfheads, or 1 26 gallons, make a pipe 
or butt ; the third part of a pipe, or 42 
gallons, make a tierccj two pipes, or three 
puncheons, or four hogiheads, make a ton 
of wine. Though the Englifh wine gal- 
lon is now fixed at 231 cubical inches, 
the (land^r,d kept at Guildhall being mea- 
fured, before many perfons of diftin&ion, 
May 25. 1688, it was found to contain 
only 224 fuch inches. 
^ In the Englifh beer meafure, a gallon 
contains 282 cubical inches) confequently* 
^$\ cubical inches make a pint, two pints 
make a quart, four quarts make a gallon, 
nine gallons a firkin, four firkins a barrel. 
Ip ale, eight gallons make a firkin, and 32 
gallons make a barrel. By an aft of the 
firfl of William and Mary, 34 gallons is 
the barrel, both for beer and ale, in all 
places, except within the weekly bills of 
mortality. 

'In 
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* In Scotland, it is kndwn that four ^Is 
make a mutchkin, twd mutchkins make 
chopin, a pint is two choplns, a quart is 
two pints, and a gallon is four quarts or 
eight pints. The accounts of the cubical 
inches contained in the Scots pint vary 
confiderably from each other. According 
to our author, it contains 109 cubical 
inches. But the ftandard-jugs kept by 
the Dean-of-guild of Edinburgh (one of 
which has the year 1555, with the arms 
of Scotland, and the town of Edinburgh, 
marked upon h) having been carefully 
meafured feveral times, arid by different 
perfons, the Scots pint, according tb thofe 
ilandaids, ivas found to contain about 
io3tV cubic inches. The pewterers jugs 
(by which the veffels in common ufe >re 
made) are faid to contain fomeiimps be- 
twixt 105 and 106 cubic inches. A cafk 
that was meafured by the brewers of E- 
ditiburgh^ before the Commiffioners of 
Excife in 1707, was found to contain 46^ 
Scots pints ; the fame velTel contained i8| 

• Englifh 
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Englifli ale-gallonsr Suppofing this men-^ 
furating to be juft, the Scots pint will be 
to the Englifti ale- gallon as 289 to 750;. 
and; if the Engliflx ale-gallon be fuppoicd 
to contain 282 cubical inches, the^Scots 
pint will contain 108.664 culncal inches* 
But it is fufpefted, on feveral grounds^ 
that this experiment was not made with 
iufficient care and exa£kners. 
* The Commi/Iioners appointed by autho- 
rity of Parliament to fettle the meafores 
and weights, in their slQl of February ipi' 
1618, relate, That, having caufed fill the" 
Linlithgow firlot with water, they found 
that it contained ai^ pints of the juft 
Siirlingjug and meafure. They likewife 
ordain, that this fhall be the juft and oply 
firlot, and add, T'hat the ^derufi and 
breadnefs of the ivhich Jirlot^ under and 
above ^ even over vuithin the buirds-^ Jhati 
contain nineteen inches and the Jixth part 
of an inchi and the deepnefsfeven inches and 
a third part of an inch. According to this 
aft (fuppofing their, experiment and com- 

* putatioa 
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putation to have been accurate) the pint 
contained only 99*56 cubical inches ; for 
the conteM of fuch a vefiel as b defcribed 
in the 8b£t, is 21 15.859 and this divided by 
2i7» gvyts 99.5 6« But> by the weight of 
water faid to fill this firloc in the fame a£t, 
the meafure of the piiit agrees nearly with 
the Edinburgh ftandard above mentioned. 

^ As for tha Englifli meafures of corn, 
the Winchefter gallon contains 272-^ cu- 
bical inches, two gallons make a peck, four 
pecks, or eight gallons^ (that is, 2178 cu- 
bical inches) make a buihel, and a quarter 
is eight bufhels. 

^ Our author fays, that 19I. Scots pints 
make a firlot. But this does not appear to 
be agreeable to the ftatute above mention- 
ed, nor to the ftandard-jugsv It may be 
conjedured that the proportion affigned 
by him has been deduced from fome ex- 
periment of how many pints, according 
to common ufe, were contained in the 

firlot. For, if we fuppofe thofe pints to 

« 

have been eofch of 108.664 cubical inches^ 

* according ^ 
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according to the experiment made in tbd 
1707 before the Commiflioners of Exeife, 
defcribed above; ''then 19T fuch pints will 
amount to 2118.94 cubical inches, which 
agrees nearly with 21x5.85, the meafure 
of the firlot by ftatute above mentioned. 
But it Is probable, that in this he follow- 
ed the ad 1587, where it is ordained, 
That the wheat-firlot (hall contain 19 
pints and two joucattes. A wheat*firlot, 
marked with the Linlithgow ftamps, be- 
ing meafured, was found to contain about 
221 1 cubical inches. By the ilatute of 
161 8 the barley- firlot was to contain 31 
pints of the juft Stirling jug. 

* A Paris pint is 48 cubical Paris inches, 
and is nearly equal to an Englifh wine 
quart. The Boijfean contains 644.68099 
Paris cubiqal inches, or 780*36 Englifh 
cubical inches. 

* The Roman Amphora was a cubical 
Roman foot, the Congius was the eighth 
part of the AmphorUy the Sextarius was 
one fixth of the Congius. They divided 

* the 
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* the Sextarius like the ^s or Libra, Of 

* dry meafures the Medimnus was equal to 
^ ivvojimphnras^ that is, about I77 Eogliih 

* legal bufliels ; and the Modius was the 

* third part of the Amphorctf^ 



• P R O P. L Prob. 

» 

To find the/olid content of a given Frifnu 

BY the 2d Prop, of the 2d Part of this^ 
let the area of thp bafe of the prifm 
be meafured, and be multiplied by the 
height of the prifm, the product will give 
the folid content of the prifn). 



PROP. II. Prob. 
Ho find the folid content of a given Pyramid. 

THE area of the bafe being found, (by 
the 3d Prop, of the. 2d Part), let it be 
multiplied by the third part of the height 

of 



: 
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of the py^ramid, or. the third part of the 
bafe by the height, the product will give 
the folid content, by 7th, 12. End* 



COROLLARY. 

If the folid content af z/rufium of a pyn 
ramid is required, firft let the folid content 
of the entire pyramid be found ; from 
Tirhich fubtra£fc the> folid content of the part 
that is wanting, and the folid content of 
the broken pyramid will remain. 



PROP. III. Prob. 
Tofnd the content of a given Cy Under ^ 

THE area of the bafe being found, (by 
Prop. 6. of the fecond part), if it be 
E cii:cle, and by Prop. 8. if it be an ellipfe, 
(fpr in both cafes it is a cylinder, multiply 

it 



i 
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■v. 

ii by the heiglit o^ the cylinder, arid thd 
folid cdnterit of the cylinder Wilt be prd^ 
duced. 



CORO LLJRY Fio. U 



And iri thid manner may be meafiired 
the folid contents of" Veflels and cafks not 
much different from a cylinder, ad ABCD« 
\i towards the middle EF it be foraewhar 
groflef , the area of the circle of the baf^ 
beiAg found (by 6th Prop, of the 2d Part)' 
and added to the area of the middle circle" 
EF, and the half of their fum (that id, art. 
arithmetical mean betx^e^n the area of ihd' 
bafe^and the area of the middle circle) taked 
for the bafe of the veffel, and mtiltiplied 
Into its height^ the folid content of the gi*~ 
ten ireflel will be produced^ 

Note, That the length of the yeffel, as 
Well as the diameter of the bafe, and of 
the circle £F, ought to be taken within the 

P ilaves } 



\ 
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Aaves : for it is the content within the 
ftaves that is fought. 



P k O P- IV, Pro*. 



^6 find tbcfotid content of a given Cone, 



LE T thre area of the bafc (found by 
Prop. 6. 2d Part) be multiplied inta 
|y of the height, the produQ: will give the 
folid content of the cone; for, by loth i^. 
Eucl. a cone is the third part of a cyKnder 
that has the fame baie and height* 



PROP. 
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PROP. V. 

P R B. F I G. i. and 5* 

^ojind the/olid content of a fruftum of a cone 
cut by a plane parallel to the plane of the 
hafe^ 

FIRST, let the height of the entire cone 
be found, and thence (by the prece- . 
ding Prop.) its folid content ; from which 
fiibtradl: the folid content of the cone cut 
off at the top, there will remain the folid 
content of ihtfiiiftum of the con^. 

How the content of the entire cone may 
be found, appears thus: Let ABGD be the 
fruftum of the cone (either right or fcale- 
nous as the figures 2. and 3.): Let the cone 
sECD be fuppofed to be compleat: Let AG 
be drawn parallel to DE, and AH and EF 
be perpendicular on CD ; it will be (by ad 
6. Eucl.) as CG : C A : : CD : CE ; but (by the 
4th Prop, of the fame book) as GA : AH : : 

CE:EFj 



\ ^ 1 
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CE : EF ; confequcntly (by a 2d 5. Eucl.) 
as CG : AH : : CD : EF; that is, as the €x- 

cefs of the diameter 9f the Icfler bafc is to 
the height of the frujlum^ fo is the diame- 
ter of the greater bafe to the height of the 
entire cope. 



COIiOLLART, Fig. 4. 

Some cafks whofe ftaves are rcmarjcably 
bended about the middle, and ftraight to* 
wards the ends, may be taken for two por^ 
tions of cones, without any confidrfrable 
error. Thus ABEF is 2ifrujium of a right 
cone, to whofe bafe EF, pn the other fidci 
there is another (imilar frujium of a cone 
joined EDCF. The vertices of thefe cones, 
if they be fuppofed to be compleated, will 
be found at G and H, Whence, by the 
preceding Prop, the foIi4 content of fuch 
yeffels may be found. 



PROP. 



//.^ 
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A Cylinder circumfcribed about a 
fphere, that is, having its bafe equal 
to a great circle of the fphere, and its height 
equal to the diameter of the fpherCi is to the 
fphere as 3 to 3. 

Let ABEC be the quadrant of a circlei 
and ABDC the circumfcribed fquare ; and 
likewife the triangle. ADC j by the revolu- 
tion of the figure about the right line AC, 
as axis, a hemifphere will be generated by 
the quadrant, a cylinder of the fame bafe 
and height by the fquare, and a cone by the 
triangle. Let thefe three be cut any how 
by the plane HF, parallel to the bafe AB» 
the fedion in the cylinder will* be a circle 
whofe radius is FH, in the hemifphere 4 
circle of the radius £F, and in the cone ^ 
pircle of the radjus GF. 

»7 
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By the 47th i . Eucl. E Aj^, or HFy = EFy 
and TAq taken together, (but A¥q=¥Gq^ 
becaufe AG = CD) ; therefore the circle of 
the radius HF is equal ^p a circle of the ra- 
dius EF, together with a circle of the radi- 
us GFj and, fince this is true every where, 
all the circles together defcribed by the re- 
fpedive radii HF (that is the cylinder) arc 
equal to all the circles defcribed by the re- 
fpedtive radii EF and FG (th^t is, to the 
hemifphere and the cone taken together) j ' 
but, by loth 12. Eucl. the cone generated by 
the triangle DAC is one third part of the cy- 
linder generated by the fquare BC. Whente 
it follows, that the hemifphere generated 
by the rotation of the quadrant ABEG is 
fequal to the remaining two tl^rd parts of the 
cylinder, and that the Svhole fphere is y of 
the double cylinder circumfcribed about it. 

This is that celebrated 39th Prop. i. 
book of Archimedes of the fphere and cy- 
linder, in which he determines the propor- 
tion of the cylinder to the fphere infcribed 
to be that of 3 to 2. 

COROL^ 
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Hence it follows, that the fphere is equal 
to a cone whofe height is equal to the feini* 
diameter of the fphere, having for its bafe 
a circle equal to the fuperficies of the fphere, 
or to four great circles of the fphere, or to a 
circle whofe radius is equal to the diameter 
of the fphere, by 14th Prop. 2d part of this. 
And indeed a fphere differs very little from 
the fum of an infinite number of cones 
that have their bafes in the • fur face of the 
fphere, and their common vertex in the 
center of the fphere ; fo that the fuperffcies 
of the fphere, (of whofe dimenfion fee 14th 
Prop» 2d part of this) multiplied into the 
third part of the femidiameter, gives the 
iblid content of the, fphercr 



PROP- 



V 
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PROP. vn. 



P R o B. Fio. 6. 



To find the Solid Content cf a Seiior of thi 
Sphere, 

A Spherical Sedor ABC (as .appears by 
the Corol. of the preceding Prop.) is 
very little different from an infinite number 
cf cones, having their bafei in the fuperfi- 
cies of the fphere BEC, and their conamdnt 
vertex in the center. Wherefore the fphe- 
rical fuperficies BEG, being found (by 15^ 
Prop, 2d part), and multiplied into ih^ 
third part of AB the radius of the fphere^ 
the produd will give the fblid content of 
the fedor ABC- 

C RO LL A kf. 

It it evident how to find the folidity of k 
fpherical fegment lefs than a hemifphere, by 
fubtrading the cone ABC from the fedor 

already 
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ilreadjr found. But, if the fpherical feg- 
inent be greater than a henTifpherCj the 
cone correfponding muft be added to the 
fedori to make thfe fegmeni. 



PRO?. VIII. 
Prob. FiGi 7. 

^r)find the folidity of the fpheroid^ and of its 
fegments cut by planes perpendicular to the 

axis. 

/ 

IN the .id Prop, of this part it i8 fliown, 
that every where EH : EG :; CF : CD; 
but circles are as the fquares defcribed upoa 
their rays ; that is, the cifcle of the radius 
EH is td the circle of the radius EG, as 
CF^ to CDy. And fincc it is fo every where, 
all the circles defcribed with the refpedive 
rays EH, (that is, the fpheroid made by the 
rots^tioQ of the femi-ellipfis AFE around the 
axis AB) will be to all the circles defcribed 

0. by 
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by the rcfpcdive radii EG, (that is, the 
fphere dcfcribcd by the rotation of the fcmU 
circle ADB on the axis AB) as FCyto CDy; 
that is, as the fpheroid to the fphere on the 
fame axis, fo is the fquare of the other axis 
of the generating elHpfe to the fquare of the 
axis of the fphere. 

And this holds, whether the fpheroid be 
found by a revolution around the greater 
or leffer axis. 



/ ■ 
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Hence it appears, that the half of the 
fpheroid, formed by the rotation qf the fpace 
AHFC around the ^:i|i8 AC, is 4<>Ml>le of the 
cone generated by the triangle AfC abput 
the fame ajcis; which is the 3 2d Prop, of 
Archimedes, of conoids and fpheroid$. 



COROLLART 2. 

Hence likcwife is evident the meafure 
of fegments of the fpheroid cut by pJaiies 

perpen- 
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perpendicular to ttie axis. Fbf the fegtrient 
of the fpheroid made by the rotatidh of th^ 
fpace ANHE, round the axis AE, is to the 
fegment of the fphere having the fame axis 
AG, and made by the rotation of the feg- 
ment of the circle AMGE,^s C¥q to CDq. 
But, if the meafure of this folid be want- 
ed ^yith lefs labour by the 34th Prop, of 
Archimedes, of conoids and fpheroids, it 
will be as BE to AC+EB, fo is the cone ge- 
nerated by the rotation of the triangle AHE 
round the aixis AE, to the fegment of the 
fphcre ftiade by the rotation of the fpace 
ANME round the fame a^tisAE; which 
could eafily be demonflrated (was this a 
proper place for it) by the method of indi* 
vifibles. 

C R L L J RY ^. 

Hence it is eafy to find the folid content 
of the fegment of a fphere or fpheroid in- 
tercepted betweten two parallel planes, per- 
|>6fidltulaf to the laxis. This agrees as well 

to 
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to the oblate a? to the oblong fpheroid ; a^ 
IB obvious* 



CO R L L J R r 4. Fie. 8, 

If 4 cafk 1^ to be valued as the middle 

■ • * 'J 

piece of an oblong fpheroid, cut by the two 
planes DC and pG, at right angles to the 
axis : Firft, Let the folid content of the half 
fpheroid ABGED be meafured by the pre- 
ceding Prop, from which let the folidity of 
the fegment DEC be fubtrafled, and there 
will remain the fegment ABCD ; and this 
doubled will giye the capacity of the cafk 
required 

The foltowifjg method is generally made 
ufe of for finding the folid content of fuclj 
veflels. The double area of the greateft 
circle, that is, of that which is defcrjbed by 
the diameter AB at the middle of the cafk, 
is added to the area of th^ circle at the end, 

r 

that is, of the circle DC or FG (for they are 
ufually equal), and the third part of this funi 

is taken for ajnean bafe of the caik; which 

therefore 
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^erefore multiplied into the length of the; 
calk op, gives the content of the veffel re- 
quired* 

Sometimes vefTels have other figures dif^ 
ferent from thofe we have mentioned; the 
eafy naethods of meafuring which may be 
learned from thofe who prai^ife this art. 
^hat hath already beep delivered is fuffi? 
jcient for' our purpofeJ 



V 



I 



PROP. IX, 
Prob. Fio. 9* and lo. 

^ojtnd hoiv much is contained in a vejfel that 
is in part empty ^ '^hofe axis is parallel to 
the horizon. 

LET AGBH be the great circle in the 
middle of the cafk, whofe fegment 
GBH is filled with liquor^ the fegment 
QAH betng empty ; the fegment GBH is 
knQWQ> if the depth £B be known, and £^ 



I 
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a tteart proportldfiil bctwceh the fegmcnts 
of the diameter AB and £B ; Which afcf 
found by a rod or ruler put into the viflcl 
at the otifiee. Let the bafis of the calk, at 
a medium, be found, which fuppofe to ht 
the circle CKDL ; and let the fegment KCL 
be fimikr to the fegment GAH (which is 
either found by the rule of thtee, becaufe, 
as the circle AGBH is to the circle CK.DL,- 
fo is the fegment GAH to the fegment 
' KCL ; or is found from the tables of feg- 
ments made by authors) ; and the produft 
of this fegment multiplied by the length 
of the cafk Will give the liquid content re-* 
maining in the cafk. 



PROP. X. Frob. 

Tojind the/olid content of a regular and or^ 
dinate tody. 

ATetfa6dr6n being a pyramid, the fo- 
lid content is found by the 2d Prop, 
pf thb pa«. The Mexaedron, or qtibd beiriig 



I 
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a kind of prifm, it is meafured by the >ft 
Propi.of this p^tt. An O^^Aedron confifts 
of two pyramids of the fame fquare bafeand 

af ^ual heights ; eonfequftitly it«. me^fuf e 
IS found from the 2d Prop, of tliis part. A , 
Dodecaedron confifts of twelve pyramids 
having equal equilateral and equiangular 
pentagonal bafes} and fo one of thefe being 
meafured (by zd Prop, of this) and rnuUi-^ 

plied by 12, the produdt will be equal fo 

« 

the folid content gf the Dodecaedron. The 
Icofiaedron confifts of zq equal pyramids 
having triangular bafqs ;. the fplid content 
of one of which being found (by the 2d 
Prop, of this) and multiplied by 20, gives 
the whole folid. The bafes and heights of 
thefe pyramids, if you want to proceed 
more exadly, may be found by Trigono-? 
metry. 



PROP* 
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PROP. XL P R o B. 

« 

To find thcfoltd comtent of a hodj^ h&wtvsP 
irregular^ 



LE T the given body be Immerfed into 
a veiTel of water, having the figuref 
of a parallelopipedon X>v prifm, and let it be 
noted how much the water is raifed upon 
the immerfion of the body* For it is plain 
that the fpace which the water fills, after 
the immerfion of the body, exceeds the 
fpace filled before its immerfion, by a fpace 
equal to the folid content of the body, how- 

_ # 

ever irregular. Bijt, when this excefs is of 
the figure of a parallelopipedon or pf ifm, it 
is eafily meafured by the firft Prop, of this 
part, to wit, by multiplying the area of the 
bafe, or mouth of the veflel, into the diffe** 
rence of the elevations of the water before 
and after immerfion. Whence is found the 
folid content of the body given. ^ E. L 

In 
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In the fame way the folid content of a 
part of a body may be found, by immer- 
fing that part only in water. 

There is no neceffity to infift here on di- 
minifhing or enlarging folid bodies in a 
given proportion. It will be eafy to de3uce 
thefe things from the i i,th and 12th books 
of Euclid. 

* The following rules are fubjoined for 

* the ready computation of the contents of 

* veffels, and of any folids, in the meafures 
^ in ufe in Great Britain. 

* I. To find the content of" a cylindric 

* veflel in Englifli wine-gallons, the dia- 

* meter of the bafe and altitude of the veflel 

* being given in inches and decimals of an 

* inch. 

* Square the number of inches in the di- 
''^ ameter of the veflel j multiply this fquare 

* by the number of inches in the height : 
' Then multiply the product by the decimal 

* fradion .0034; and this laft produft fliall 

* give the content in wine-gallons and de- 

* cimals of fuch a gallon. To exprefs the 

R ' rule 



ijo A TREATISE OF 



rule arithmetically. Let D reprefent the 

■ 

number of inches and decimals of an inch 
in the diameter of the veffel, and H the 
inches and decimals of an inch in the 
height of the veflel ; then the content ia 
wine- gallons ihall be DDHXt 



t 4 

o o o o9 



or 



D!jHx-oo34. Ex. Let the diameter 
i)=:5i.2inches,theheightH = 62.3inchcs, 
then the content fhall be 5 1 .2 X 5 1 -^ X 62.3 
, X •0634 = 555.27,342 wine-gallons. This 
rule follows from Prop. 7, of the fecond 
part, and Prop. 3. of the third part; for, by 
the former, the area of the bafe o^ the vef- 
fels is infquareinchesDDx7854; and^bjr 
the latter, the content of the veflel in folid 
inches isDDHx. 7854; which divided by 
231 (the number of cubical inches in a 
wine- gallon) gives DDH x -0034, the con- 
rent in wine-gallons. But, though the 
charges in the excife are made ^by ftatuie) 
on the fuppofition that the wine-gajlon 
contains 231 cubical inches ; yet it is faid, 
that, in fale, 224 cubical inches, the con- 
tent of the ftandard meafured in Guildhall 

'(as 
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* (as was mentioned above) are allowed td 

* be a wine-gallon. 

* IL Suppofing the Englifli ale-gallon to 
contain 282 cubical inches, the content of 
a cyliQfJric veffel is computed, in fuch gal- 
lons, .by multiplying the fquare of the di- 
ameter of a veflel by its height, as former- 
ly, and their produd by the decimal frac- 
tion .0,027,85 1. That is, the folid content 
in ale-gallons is DDHx. 0,027,851. 

* IIL SuppQfing the Scots pint to contain- 
about 103.4 cubical inches, (which is the. 
meafure given by the ftandards'at Edin- 
burgh, according to experiments mention- 
ed above), the content of a cylindric vef- 
fel is computed in Scots pints, by multi- 
plying the fquare of the diameter of the 
veflel ' by its height, and the produd of 
thefe by the decimal fradion .0076. Or 
the content of fuch a veflel in Scots pints 
is DDH X .0076, 

* IV. Suppofing the Winchefter buflief 
to contain 2187 cubical inches, the con- 
tent of a cylindric veflel is computed in 

* thofe 
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thofe bufliels by multiplying the fquare of 
the diameter of the veffel by the height, 
and the produ€): by the decimal fradion 
•0,003, 6o6, But the ftandard bufhel ha-* 
ving been meafured by Mr Evcrard and 
others in 1696, it was found to contain 
only 2145.6 folid inches ; and therefore it 
was enacted, in the ad for laying a duty 
upon ma|t, That every round huJheU "with 
k plain and even bottom^ being i 8t inches 
diameter throughout^ and 8 inches deep^ 
Jhould be ejieemed a legal Winchefter ^«- 
Jhel. According to this a£t (ratified in the 
firft year of Queen Anne) the legal Win- 
chefter bufhel contains only 2150.42 fo- 
lid inches. And the content of a cylin-^ 
dric veffel is computed in fuch bufliels, by 
multiplying the fquare of the diameter by , 
the height, and their product by the de- 
cimal fraction .0,003,625. Or the con- 
tent of the veffel in thofe bufliels is 
DDH X .0,003,625. 
* V. Suppofing the Scots wheat firlot to 
^contain 21- Scots pints, (as is appointed 

*by 
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by the ftatute 1618), and the pint to be 
conform to the Edinburgh ftandards above 
mentioned, the content of a cylindric veffel 
in fuch firlots is computed by multiplying 
the fquare of the diameter by the height, 
and their produd by the decimal fraction 
•00,358* This firlot, in 1426, is appoint- 
ed to contain i 7 pints ; in 1457, ^^ ^^ ^P* 
pointed to contain 18 pints ; in 1587, it is 
197 pints; in 1628, it is 21^ pints: And 
though this laft ftatute appears to have 
been founded on wrong computations in 
feverai refpedts ; yet this part of the adt 
that relates to the number of pints in the 
firlot feems to be the leaft exceptionable ; 
and. therefore we fuppofe the firlot to con- 
tain- 21-^ pints of the Edinburgh ftandard, 
or about 2197 cubical inched; which a lit- 
tle exceeds the Winchefter bufliel, froni 
.which it may have been originally copied. 
* VI. Suppofing the bear-firlot to contairx 
31 Scots pints, (according to the ftatute 
161 8), and the pint conform to the Edin-* 
burgh ftandards, the content of a cylindric 

' velTel 
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vcflel in fuch fidots is found by multiply- 
ing the fquare of the diameter by the 
height, and this produd): by .000,245. 

* When the fedion of the yeffel is not a 
circle, but an ellipfis, the produdl of the 
greateft diameter by the leaft, is to be 
fubftituted in thofe rules for the fquare of 
the diameter. 

* VII. To compute the content of a vef- 
fel that may be confidered as ^ifruftum of 
a cone in any of thofe meafures. 

* Let A reprefent the number of inches 
in the diameter of the greater bafe, B the 
number of inches in the diameter of the 
lefler bafe. Compute the fquare of A, the 
produfl: of A multiplied by B, and the 
fquare of B, and colleft thefe into a fum. 
Then find the third part of this fum, and 
fubftitute it in the preceding rules in the 
place of the fquare of the diameter ; and 
proceed in all other refpeds as; before. 
Thus, for example, the content in wine- 
gallons is AA X AB X BB X - X H x 
.0034. 

*Or, 
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* Or, tQ the fquare of half tKe fum of the 
diameters A and B, add one third part of 
the fquare of half their difference, and 
fubftitute thi? fum in the preceding rules 
for the fquare of the diameter of the 
veffel ; for the fquare of 7 A x T B added 
to y of the fquare of 7 A — 7 B, gives 7 
AAx^ ABx|BB. 

* VIII. When a veffel is a fruftum of a 
parabolic conoid, meafure the diameter of 
the fedion at the middle of the height of 
the frvftum ; and the content wnll be 
precifely the fame as of a cylinder of this 
diameter, of the fame height Vi^ith the 
veffel. 

MX. When a veffel is zfrujium of a 
fphere, if you meafure the diameter of the 
fedion at the middle of the height of the 
frujlum^ then compute the content of a 
cylinder of this diameter of the fame 
height with the veffel, and from this fub* 
ftrad Y of the content of a cylinder of the 
fame height, on a bafe whofe diameter is 
equal to its height ; the remainder will 

* give 
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give the content of the veffel. That is, if 
D reprefent the diameter of the middle 
fedlion, and H the height of l)\c fnifium^ 
you are to fubftitute DD — \ HH foi* the 
fquare of the diameter of the cylindric 
veffel in the firft fix rules. 

• X, When the veffel is a fruftum of a 
fpheroid^ if the bafes ^re equal, the.coa- 
tent is readily found by the rule in p. 104^ 
In other cafes, let the axis of the folid be 
to the conjugate axis, as n to i ; kt D be 
the diameter of the middle fedtion of the 

frufiumy H the height or length of the 

fruftum J and fubftitute in the firft fix 

rules DD — — for the fquare of the fquare 

of the diameter of the veffel. 

* XI. When the veffel is an hyperbolifc 
conoid, let the axis of the folid be to the 
conjugate axis, as fi to' i, D the diameter of 
the fedion at the middle of ihcfruftuniy H 
the height or the length : Compute DD 
X 3^ X HH, and fubftitute this fum for 

the fquare of the diameter of the cylindric 
veffel in the firft fix rules. 

*XII. 
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* XII. In general, it is ufual to meafure 
any round vefiel, by diflinguifliing it into* 
{evtr$\ frujlums^ and taking the diameter 
of the fedion at the middle of cdichf ru/tum; 
thence to compute the content of each, as 
if it was a cylinder of that mean diameter ; 
and td give their fum as the content of 
the veflel. From the total conttnt, com- 
puted in this manner, they fubtrata fuc- 
ceffiveiy the numbers which cxprefs the 
circular arcSas thait cotrefporid to thofe 
mefah diameters, each as often as there are 
inclies in the altitude of the frUjium to 
which it belongs, beginning with the up- 
permoft ; and in this manner calculate a 
table for the veflel, by which itreadily ap- 
pears holT much liquor is at anytime con* 
tained in it, by taking either the dry oi* 
wet inches ; having regard to the inelina* 
tion or df ip of the vcffel» when it has any. 

* This method of computing the content 
of zfruftum from the diameter of the fcc- 
tion at the middle of its height, is exadt 
in that cafe only when it is a portion of a 

S * parabolic 
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parabolic conoid ; but in fuch vefTels as are 
in common ufe, the error is not confider- 
able. When the veflel is a portion of a 
cone or hyperbolic conoid, the content, by 
this method, is found lefs than the truth ; 
but, when it is a portion of a fphere or 
fpheroid, the content computed in this 
manner exceeds the truth. The difference 
or error is always the fame, in the dif- 
ferent parts of the fame or offimilar vef-^ 
fels, when the altitude of xhcfrufium is 
given. And when the altitudes are diffe- 
rent, the error is in the triplicate ratio of 
the altitude. If exadtnefs be required, the 
error in meafuring ihefrufium of a coni- 
cal veflel, in this manner, is 7 of the con- 
tent of a cone fimilar to the veffel, of an 
altitude equal to the height of ihtfrujlum^ 
In a fphere^ it is \ of a cylinder, of a dia«* 
meter and height equal to thefruflum. In 
the fpheroid and hyperbolic conoid, it is 
the fame as in a cone generated by the 
right angled triangle, contained by the two 
femiaxes of the figure, revolving about 

'that 
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* that fide which is the femiaxis of the 
^fruflum. Thcfe are demonftrated in a trea- 

* tife of fluxions by Mr Colin M*Laurin, p. 
^22. and 715. where thofe theorems are 

* bounded by planes oblique to the axis in 

* ali the folids that are generated by any 

* conic fedlion revolving about either axis. 

• In the ufual method of computing a 

* table for a veflel, by fubduding from the 

* whole content the number that exprefles 
^ the uppermoft area, as often as there are 

* inches iQ the, uppermoft yr«/?az^, and after- 

* wards the numbers for the other areas 

* fucceflively ; it is obvious that the contents 

* afligned by the table, when a few of the 
' uppermoft inches ^re dry, are ftated a lit- 

* tie too high, if the veflel ftands on its lef- 

* fer bafe, but too low when it ftands on 

* its greater bafe ; becaufe, when one inch 

* is dry, for example, it is pot the area at 

* the middle of the uppermoftyrw/?«^/«, but 
' rather the area at the middle of the upperr 
' moft inch, that ought to be fubdu£ted 
•from the total .content, in order to find 

* the content in this cafe. 

' XIII. 
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* XIII. To tneafure round timber, let 
the mean circurpfercnce be founJin feet 
and decimals of a foot ; fquare it ; muUi« 
ply this fquare by the decimal 5079,577, 
and the produfl: by the lengthj Ex. Let 
the mean circumference of a tree be 10.3 
feet, and the length 24 feet. Then 10.3X 
J0.3X 079,577 X 24=202^615, is the 
number of cubical feet in the tree. The 
foundation of this rule is, that, when the 
circumference of a circle^ is i, the area ia 

•^>795>77^7^5» ^^^ ^^^^ ^^^ areas of 
circles are as th$: fquares of their circum- 
ferences. 

• But the common way ufed by artificers 
for meafuripg round timber, differs much 
from this rule. They call one fourth 
part of the circumference the^ir^, which 
is by them reckoned the fide of a fquare, 
whofe area is equal to the area of the fee- 
tion of the tree j therefore they fquare 
the girtf and then multiply by the length 
of the tree. According to their method| 
the tree of the laft example would be com- 
puted at 159-13 cubical feet only. 

' How 
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VHow fquare timber is meafured will 
beeafily undcrftood from the preceding 
Propoiitions* Fifty folid feet of hewn 
timber, and forty of rough timber^ make 
a load. 

* XIV. To find the burden of a ihip, or 
the number of tons it will carry, the foU 
lowing rale is commonly given« Multi* 
ply the length of the keel taken within 
boards by the breadth of the ibip within 
board, taken from the mid-(hip beam from 
plank to plank, and the produ^ by the 
depth of the hold, taken from the plank 
below the keelfon to the under part of the 
upper deck plank, and divide the produ£k 
by 94, the quotient is the content of the 
tonnage required. This rule, howevcft 
cannot be accurate ; nor can one rule be 
fuppofed to ferve for the meafuring exad*^ 
ly the burden of (hips of all forts. Of this 
the reader will find more in the Memoirs 
of the Royal Academy of Sciences at Paris 
in the year 1721. 

* Our 
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* 

* Our author having faid nothing of 
weights, it may be of ufe to add briefly, 
that the Englifli Troy-pound contains 12 

» 

ounces, the ounce 20 penny weight, and 
the penny weight 24 grains ; that the A- 
vcrdupois pound contains * 16 ounces, the 
ounce 16 drams, and that 112 pounds is 
ufually called the hundred weight. It is 
commonly fuppofed that 14 pounds Aver- 
dupois are equal to 17 pounds Troy. Ac- 
cording to Mr Everard's experiments, one 
pound Averdupois is equal to 14 ounces 
II penny- weight and 16 grains Troy, 
that is, to 7000 grains ; and an Averdu- 
pois ounce is 437t grains. The Scc^s 
Troy-pound (which, by the ftatule 1718, 
was to be the fame with the French) is 
commonly fuppofed equal to i^^ ounces 
Englifh Troy, or 7560 grains. By a mean 
of ftandards kept by the Dean of Guild 
of Edinburgh, it is 7599yV or 76oograin8l 
They who have meafured the weights 
which were fent from London, after the 
union of the kingdoms, to be the ftandards 
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by which the weights in Scotland fhould 
be made, have found the Englifh Averdu- 
pois pound (from a medium of the feveral 
weights) to weigh 7000 grains, the fame 
as Mr Everard ; according to which, the 
Scots, Paris, or Amfterdam pound^ will 
be to the pound Averdupois as 38 to ^^m 
The Scots Troy-ftone contains 1 6 pounds^ 
the pound two marks or 16 ounces, an 
ounce 16 drops, a drop 36 grains. Twen- 
ty Scots ounces make a Tron pound ; 
but) becaufe it is ufual to allow one to 
the fcore, the Tron pound is commonly 
2 1 ounces. Sir John Skene, however, 
makes the Tron (lone to contain only 
19^ pounds.' 
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